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Explanatory Note

The research and demonstrative project, A Compre-

hensive Concept for Vocational Education Facilities,

Project Number 16003, was conducted under a com-
bined grant of $129, 311 from the Bureau of Technical
and Continuing Education of the Pennsylvania Depart-
ment of Public Instruction, Dr. John W. Struck,
Director, and the Pittsburgh Board of Public Educa-
tion. Of this, $49,211 were supplied in local funds
and $80, 100 were supplied in State Vocational
Ancillary funds, The State Ancillary funds were
created through the Vocational Education Act of

1963, Public Law 88-210, 4
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Preview of Unit One, Introduction

In this age of rapid technological progress, many
problems face vocational education facility planners.

While solutions to these problems are suggested in

this report in terms of their application to the

situation that exists in the high schools of Pittsburgh,
Pennsylvania, the basic problem is not unlike the
one facing the entire nation. It is felt, therefore,
that this discussion may be of interest to all educa-

tors.

Industry has been forced to adapt to change by
turning to automation in order to avoid spiraling
labor costs and to produce in quantity. However,
engineers of today are ''trained in the use of men-
tal skills, ol so that industry needs technicians
skilled in the making of complex machinery. Con-

sequently, the larger industries are putting in bids for

1Henry G. Shocksnider, '"Who Is A Technician? ",
Industrial Arts and Vocational Education, May, 1965,




greater numbers of technicians with general know-
ledge of many skills. These changing demands for

labor are putting new strains on vocational education,

If vocational education is to meet these demands, it
must be sensitive to such changes in order to pre-
pare students for future employment in business and
industry, These students may start their vocational
classes in middle school, continue through high
school, and, in some cases, even take post-high
school courses. It is possible, therefore, for as
many as nine years to separate a student's first
exploration in a vocational field and his final entry
into useful employment. During this time, a
great expansion of human knowledge can take place
and much can happen while today's studeqt is attémpt-

ing to equip himself with marketable skills,

Some educators are preparing to meet these demands

of industry for skilled technicians. This is es-

pecially true in Pittsburgh where new programs are
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being designed to equip students with marketable/
skills in progressive industries and where vocational
education is being integrated with academic educa-
tion in comprehensive high schools. These develop-
ments imply a new emphasis on education that will
not only be adaptable to progress in industry but
also will be broadened through interdisciplinary
cooperation. Unfortunately, however, existing
facilities provide only highly specialized space
which is not suitable for the generalized training
required by some industries and which tends to

reinforce old barriers between disciplines.

This report suggests that a completely new approach
is needed to providing and planning such vocational
facilities if they are to be flexible and adaptable

to new and changing situations. Methods already

in use in industry today can be employed to make
vocational equipment highly mobile and to make
service distribution systems adaptable to many

different equipment layouts. Separation of aca-
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demic and vocational activities can be avoided and
the two allowed to intermix in order to implement

interdisciplinary educational situations. The

systems approach to construction, which would en-

able specification of building compdnents to fulfill
more accurately the needs of vocational activities,
can be applied to new construction as well as to

modernization.

This report further suggests that the most impor-
tant single need is for new methods of relating the
vast and changing complex of activities in modern
vocational courses with their generated needs for

space and equipment. Without these new planning

techniques, educators and architects cannot hope to

design facilities with long and useful lives in a

progressive, technical world.

St D S e b o AR @et e Tgrn




Preview of Units Two through Seven, the Technical 2

Reports

This study suggests that better vocational facilities can '
be provided through the use of flexible laboratory :
space and the application of more sensitive planning
techniques., Since a discussion of these suggestions

involves a large amount of highly technical informa -

tion, Unit One, Introduction, contains an overview

of the changing world of work, the problems it
creates for vocational education, and solutions to
the problems that can be provided by better facilities.

Units Two through Seven are devoted to technical

discussions of these problems and solutions.

Units Two and Three present basic descriptions of
techniques which provide more laboratory flexibility ) _
and better laboratory planning. Unit Two,

] Flexibility Through Modularity, discusses ways to

increase equipment mobility, to provide adaptability ]
in mechanical service systems, and to construct

new and modernized space that is totally flexible.




Unit Three, Space Determination, describes a plan-

ning technique which utilizes computer simulation to
plot all activities that occur in the duration of a
i course and relates them to needs for space and equip-

ment.

Units Four and Five present material that is sup-

plementary to the discussion of flexible laboratory
space. This material relates. largely to specific

problems in Pittsburgh. Unit Four, Schematic

’r Modernization, describes the application of a construction

] system to the hypothetical modernization of one of
Pittsburgh's fypical, existing school buildings. Unit

Five, A Planner's Guide to the Pittsburgh Building

Code, relates the construction system being proposed

to the specifications of the Pitfsburgh Building Code.

Units Six and Seven contain all additional information
which bears a significant relationship to the technical
discussions. In the first appendix, in Unit Six, are

recorded the results of a nationwide survey of state




space standards and the space utilization in existing
vocational rooms in Pittsburgh schools. The
appendix in Unit Seven contains two pertinent dis-
cussions by consultants to this project, a compre-
hensive analysis of vocational room dimensions

in Pittsburgh schools, a history of mechanical equip-
ment alterations in Pittsburgh secondary schools, a
tabulation of vocational enrollments in Pittsburgh,
and an eighteen year history of expenditures for

vocational equipment in Pittsburgh schools.

The material contained in the technical sections may
be of interest to professionals in many different
fields, but some may choose to read only those
sections which are of immediate interest to their
individual pursuits. For this reason, the content

of this report has been divided into booklets which
cover narrowed rubject areas. However, a goal of
this project has been to combine the knowledge of

many fields to form a truly comprehensive approach

)
3
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to planning and building vocational education facilities.
It is hoped that most who read this report will be en-
couraged to examine all of its sections and to eval-
“uate its findings from the same multi-discipline

approach to the problem that is the report's main

theme.




Vocational Education in a World of Change

Knowledge and Education

Man lives in a changing world. The change, however,
is not so much in the world itself, but in what man
knows about the world, And, man's knowledge is
increasing rapidly. Because knowledge is expanding
at a staggering rate, the educator is faced with

the difficult task of providing higher quality educa-

tion in greater quantity.

In response to the challenge of equipping students

of today with knowledge and skills that will be usable
tomorrow, industry is producing a wide range of

new educational devices and educators are employing
innovative educational techniques. Former systems
of organizing knowledge into familiar courses are
themselves no longer free from change. Some educa-
tors are now viewing knowledge as being a continuum

of related experiences.

e S T e S e
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As educators employ new methods and new devices for
instruction in a changing world, they are beginning to
require new kinds of facilities that provide a suitably
dynamic environment. The same situation exists to

a greater extent in vocational education!

Technology

'Every advance made in acquiring knowledge results

in magnified implications for the technical fields.

" Every development in a scientific field is realized in

the form of several developments in products and
services. This view, held by the National Commission

of Technology, Automation, and Economic Progress,

is illustrated in the following statement which is made

in the Commission's report, Technology and the

American Economy:

It is easy to oversimplify the course of history;
yet if there is one predominant factor under-
lying current social change, it is surely the

advancement of technology. Technological



change includes new methods of production,
new designs of products and services, and

new products and new services.

How teéhnological progress is changing needs for

labor is becoming clearer. The processes for
making products and providing services are
changing throughout industry. The Commission
presents only a representative list of changes:
Technological change is exemplified by

the automation of a machine tool, reorgani-

zation of an assembly line, substitution of
plastics for metals, introduction of a super-
sonic transport, discovery of a new method
of heart surgery, teaching of foreign lan-
guages by electronic machines, introduction
of self-service into retailing, communica-

tions by satellite, bookkeeping by electronic | i

ZNational Commission on Technology, Automation, and
Economic Progress, '"Technology and the American :
Economy', February, 1966, Volume 1.

11




computer, generation of electricity from
nuclear energy, introduction of frozen foods
and air conditioning, and the development -

3
of space vehicles and nuclear weapons.

Automation emerges as the strongest factor influencing
changing labor needs because it eliminates large

numbers of jobs involving manual skills. The

more significant effect of automation, as is illus-
trated in the following statementé, is the creation
of many more jobs involving technical skills.

Dr. Donald Dauwalder made this statement in

Vocational Education in the Pittsburgh Public Schools:

The United States Department of Labor es-
timates that 200, 000 jobs a year will be
eliminated due to autemation from 1962 to
1970. However, if the job increase ratios
reported for the past decade céntinue, some

500, 000 new jobs will be created each year. . . . .

31bid
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Statistically, however, there are expected

to be more job vacancies nationally in the
highly skilled occupations and in the technical
and professional areas than there are antici-
pated overages in the lower level jobs due to

suture automation. 4

What is not so clear is whether technicians with

general skills or specific skills are more desirable

to industry. Indications at this time place an equal

emphasis on both. Dauwalder reported:
The larger industries generally desire to
employ a well-educated generalist possessing
above average intelligence. Through their
in-plant training these companies will then
teach the specific skills required for the job
assigned. The smaller the industry, the

more emphasis is placed on specialized

4Dauwalder, Donald D., Vocational Education in the
Pittsburgh Public Schools, The Pittsburgh Board of
Public Education, April 1963.

13
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training in the schools. Since smaller com-
panies do not have employee development
programs, they have been relying on the
schools or on larger industries to give this

training to their employees.

A general picture can be developed which describes
industry's evolving needs for labor. Technological
progress in industry has produced automation. Auto-
mation is eliminating the need for manual skills and
creating needs for technical skills. Technicians are
needed with both general and specific skills. It must
be remembered, however, that technological progress
causes changing needs for specific skills at an in-
creasing rate. This creates a paradox for the
vocational educator who must teach specific skills and

cccupational mobility at the same time.

®Ibid




Vocational Education

The opinions of vocational educators about the
desirable emphasis of technical programs vary
between two extremes. They range from equipping
students with occupational mobility on the one hand
tov’directing students toward specialization on the
other hand. The following statements are repre-
sentative of those who favor mobility:

A student trained in a singular trade is

simply being taught to know the kind of work
he will never do . . . .

. In an age in which we are educating
youngsters for professions which cannot
now be described ani occupations which
are not now known, we must prepare in-
dividuals to be adaptabie.. If we fail in
‘this goal, our society will be too rigid to

deal with the problems of the future. 6

6"The Technology of Automation'', New Concepts in

School Plant Design-An Accent on Accessibility.

15
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and

.the average worker will transfer several
times from one job to another, sometimes

in related areas, sometimes not. It is the
task of education to provide him with th’e
mobility which he needs to survive in his
""carousel' of experience. It must provide
him with the context into which he can fit

the new and changing demands.

Those educators who favor specialization tend to
make the following kind of statement:
Vocational education, by definition, tends
to specialize. Its responsibility is training
for employment in a job. If it fails, for any
reason, to provide qualification for a job;
if it concerns itself with instruction for non-

éxisten't'j'o'bs', or if it is directed to persons

7The Research Council of the Great Cities Program for
School Improvement, ''Summary of Eastern Regional
Conference'', Vocational Newsletter, September 1966,

Number 3
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unsuited to the field, it is education for un-

employment and not vocational education.

The answer to this contradictory problem lies in not
following either direction exclusively. As Dauwalder
says,
The problem is not of generalized or special-
ized education. Our society requires both.
The schools and industry must educate and
train along both lines. Every employee of
the future needs a combination of general
and special skills and knowledge.
To attain this goal requires an extremely flexible
approach to vocational education which allows for
presentation of both aspects of modern industry.
Such an approach will place new requirements on

vocaticnal facilities.

8 Ibid

9 ﬁauwalder, Donald D., Vocational Education in the
Pittsburgh Public Schools, The Pittsburgh Board of
Public Education, April 1963.

17




The overriding need is for vocational facilities that
accurately simulate modern industries for educational
purposes. This does not mean that a vocational

machine shop need duplicate one particular industrial

shop down to the smallest detail. On the contrary, a
vocational machine shop could have the capability to

duplicate all significant types of industrial machine

shops. As it is important to teach both specialized

and generalized approaches to industry, so is it also

important to teach such aspects of industry as job

shop and production line manufacturing processes.

It is also important to teach new products, processes,
and services that evolve from technological progress.
If vocational education concerns itself with the in-
struction of skills for non-existent jbb-s, it is educa-

tion for unemployment. If vocational education is to

keep pace with new developments and teach specific

skills that are up to date, it would not be unreason-

able to expect significant changes in eQuipment and

facility layout on a relatively short term basis.

18
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Automation does not create changes in employment
opportunities alone. Facilities stand to be greatly
influenced by the effects of automation as well. It

is evident that many of the manual skills being
taught in vocational programs today will be replaced
by cybernetic systems. This means that the "shop"
student of today with his rolled up sleeves and grimy
hands will be replaced by students in white lab
coats, sitting at control panels. The greasy, wooden
floors of today's shops will be replaced by raised
floors housing a myriad of electronic cables. The
time at which all of this will happen cannot be deter-
mined exactly. It would be safe to say that this

sort of change will be well on its way long before

the school buildings that are built today are ready

for demolition.

Ralph O. Gallington, Professor of Industrial Tech-
nology at Southern Illinois University, has said:

. .all human knowledge is interrelated and
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any conventional boundaries are man-made
and superficial. 10
If the knowledge taught in schools actually is a con-.
tinuum of learning experiences, then the areas where
learning experiences occur might be better arranged
as a spatial continuum. Physics students involved
with horsepower and engines rnight be stimulated if
their classes were conducted near the vocational
power mechanics laboratory. If this is, indeed,
a significant new direction for educational theory,
inflexible cellular facilities will hamper its imple-

mentation.

The process of vocational education, though evolving,
is reasonably.clear. A challenge has been handed to
the vocational facility planner: create facilities that
relate in a dynamic way to a fast-paced technological

world!

10 Gallington, Ralph O., "A Space Concept for New
Approaches in Industrial Arts', Industrial Arts and
Vocational Education, March 1966.
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Response to a Changing World in Pittsburgh

Industry and Vocational Education

Dauwalder's report revealed that the effects of
technological progress in Pittsburgh are similar

to its effects across the nation. He established the
fact that of ten major employment classifications,
two, Unskilled and Semi-Skilled, showed significant
projected decreases and one, Semi-Professional,
showed a significant increase. In Pittsburgh the
need for manual skills is being replaced by a

growing need for technical skills.

In response to changing labor needs, the Pittsburgh
Board of Public Education is rewriting its program
for vocational education. This new outlook is re-
flected in the following statement:
No longer is the term ''vocational education™
employed to define only those courses in the

crafts and trades, etc. The new program

21
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known as Occupational-Vocational-Technical

(OVT) Education, is designed to meet the

demands of space age training for space

age employment, 11

Equipment and Facilities

‘Until recently, vocational equipment and facilities
were in a general state of deterioration. The condi-

tion of equipment is vividly described by Dauwalder:

Most of the equipment in vocational schools

is old, obsolete, and inadequate, and should
be replaced. There haé been no amortization
of capital equipmént, and total shop budgetary
accounts have been bearly sufficient to re-
place minor items such as belts, etc.
Replacement parts have generally had to be
made by shop instructors. More adequate

budgetary allocations for all occupational,

11The Research Council of the Great Cities Program f

For School Improvement, '"'Summary of Eastern ;
Regional Conference, "' Vocational Newsletter, September 1966 i
Number 3
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vocational and technical programs must be

made. 12

The situation, however, is undergoing significant
changes which are evidenced in these figures taken
from the Pittsburgh Board of Public Education
Minutes of the past nineteen years. These are
appropriations and expenditures for repairs and
replacement of old equipment and purchase and
installation of new equipraent from 1948 to 1966.

From 1948 to 1964, total appropriations and ex-

penditures ranged from $60, 000 to $160, 000 per
year. By 1965, the Vocational Education Act of
1963 began to have effect in Pittsburgh. In 1965
and 1966, appropriations and expenditures had

risen to between $600, 000 and $710, 000 per year.

Also, improvements are being made in the facilities

that house vocational programs. Dr. Jerry Olson,

12 Dauwalder, Donald D., Vocational Education in the
Pittsburgh Public Schools, The Pittsburgh Board of
Public Education, April 1963
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Director of the OVT Division of Pittsburgh schools,

describes these improvements in the following

statement:
The implementation of such a vast under-
taking involves revolutionary changes in
physical facilities. In some instances, walls
will literally be pushed out, wiring and
plumbing will change, new equipment is being
installed in most job-centered laboratories
in every comprehensive school, and new

buildings or additions are under construction. 13

Pittsburgh has embarked on a course intended to keep
its vocational facilities up to date with any new develop-
ment created by technological progress. To be truly
effective, this program will have to be continuous and
relate dynamically to change as it occurs. It is possible
that new alterations will have to be made on recently

altered facilities in the near future. In this age of

13Olson,- Jerry C., '""The Marriageability -of Vocational

Education, " The School Shop, October 1965.




rapid change this is a natural process, necessary for
keeping facilities up to date with the activities that they
house. It is vital that flexibility for future change be
built into current alterations; otherwise the cost of
maintaining up-to-date facilities may be over-

whelming.
Exploratory and Job-Centered Programs

Early in the process of developing new programs,
vocational educators in Pittsburgh realized that the
same subjects were being taught in many different
vocational courses. Olson states:
More than 50 percent of all subject ma tter
necessary to qualify for entry level employ-
rﬁent is common throughout the jobs within
an occupational family group. This would
apply to the transportation cluster where
various fields such as auto mechanics and
service station operation share fifty percert

of their subject matter. This is also true




with visual communication families where

printing, graphic arts, technical illustra-

tion, and technical writing share subject

matter. 14

The many technical courses have been organized into

four occupational families. These families are
visual communications, construction, manufactur-
ing, and electrical-transportation. Students in
grades six through eight will be given broad ex-

posure to these families. In grades nine and ten,

students will undergo narrowed exploratory experi-
ences as they develop interests and abilities ‘in cer-
tain activities. Finally, in the tenth through twelfth
and post-graduate years, specific offerings in
specialized '"job-centered'' courses will be opened
to the étuderts. | Because subject material can be
shared in the early years, no significant t‘ime will

be lost in false starts. Students will be given greater *

14 1pid
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flexibility to transfer within or between occupational

families.

When subject material is shared, space and equip-
ment can also be shared. This leads immediately

to cluster concepts of space organization. Clusters
of space can be arranged for either horizontal or
vertical combining of facilities, or bota. Several
job-centered classes at the highest grade levels could
share space and equipment in the same family cluster,
or exploratory and job-centered classes at different
grade levels could exploit the potentially common

space and equipment in a cluster.
Vocational and Academic Programs

Formerly, vocational shops in Pittsburgh were
separated from academic spaces. The shop area
of a high school was conspicuous by its absence
frqm academic areas. It was located consistently
in the basement or in a separate building in the

yard behind the main building. Many vocational




courses were conducted in completely isolated,
'""vocational high schools. " |
Unfortunately, scheduling and subject material in 2
non-vocational courses reinforced this separation.
, Students were scheduled to move from vocational to ‘
academic subjects on a "week-about!' basis. Academic ’
courses were ''keyed to the vocational subjects. "
The combination of these factors made transfer
‘ between vocational and academic programs a near
impossibility. Once a student began vocational
training, he was labeled for life as a second class
citizen, ’
1
| This aspect of vocational education is being changed
radically. The spirit of the new program is cap-
tured by Dauwalder in this statement: ]
What ié obviously needed is a truly liberal ':
academic community in which the study of ,
art and typewriting, of philosophy and metal ‘
wofking, of théology, and mediéine, of pure ,
28
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and applied science are, though admittedly
very different, judged to be equally honorable
and valuable in their several ways. 15
O.V.T. students are now meeting for classes devoted
to job training and daily sessions in the regular high
school academic classrooms. Teachers, counselors,
and administrators are making it possible and con-
venient for students to move either from one curri-

culum area in O. V. T. to another or from vocational

to academic programs.

Scheduling and course content are being changed to
provide greater integration between vocational and
academic programs. Creative néw facility designs
can contribute to this integration as well. This is
possiBle because envircv)nmental-technology has pro-
gressed to the extent that‘many vocational activities,

formerly isolated for safety and acoustical control,

15Dauwalc’]er, Donald D., Vocational Education in the
Pittsburgh Public Schools, The Pittsburgh Board
of Public Education, April 1963,
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now can be located in close proximity to other vocational
courses and many academic courses. Because
educational policies now require it and environ-

mental technology permits it, facility planners

can evolve new arrangements of space which

express the continuity between the many subjects

taught in high schools.

The Comprehensive High School

The most dramatic change that will take place in
Pittsburgh is the construction of five large compre-
hensive high schools. These new structures will
house all ninth through twelfth grade students and
contain enrollments of 4,200 to 6,500. The struc-
tures may take advantage of Pittsburgh's conventional
topography and exploit air rights over railroads and
highways. The new high schools will be linked with
existing schools and community facilities through
landscaped malls which will create Education Parks.

Buildings and parks will be located to serve com-
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munities consisting of different racial, social,

and economic groups.

Planning of the comprehensive high schools is in
progress now and presents vocational educators
and facility planners with a unique opportunity to
create facilities which satisfy the requirements of
this rapidly changing age. Flexibility for future
changes, clusters of space to allow the sharing of
subject material, and expression of relationships
between academic and vocational programs can be
built into these new buildings. After the compre-
hensive high schools have been built, educators
will be provided with new opportunities to equip
students with the necessary skills for useful
employment in the future. But, what can be done

for students who are in school now?

Existing high schools will be converted to middle
schools when the comprehensive schools are built,

This restricts plans for alterations of existing

" 31
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senior high school vocational laboratories. Invest-
ments made in construction and the installation of

new equipment may be lost when senior high

school classes are moved to new buildings. If pre-
sent day students are not to be made to endure the
inadequacies of existing facilities until the new schools
are built, a way must be found to provide adequate

yet anonymous facilities that are easily convertible
from senior high school job-centered programs to

middle school exploratory programs.

Almost every aspect of vocational education in Pittsburgh
is changing. Equipment and existing facilities are

being improved. Vocational programs are being
reorganized and new curricula written. A complete
integration of academic and vocational programs will

be created in the new comprehensive high schools.

These changes are producing new requirements for
vocational facilities. Flexibility and new organiza-

tions of space are needed to allow for the teaching of

new skills and for the exploitation of relationships
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between courses. New systems of construction and
methods of planning must be developed if these

requirements are to be fulfilled.
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A Comprehensive Concept for Vocational Education
Facilities |

Space

Modern vocational education requires space for the
teaching of new and old subjects in areas where sub-
ject material can be shared. This study proposes
that such space be conceived of initially as being
open and flexible. Restrictions to that openness

and flexibility can be added, sparingly, if educational
practice creates the necessity. For instance, visual
and acoustical barriers can be added to isolate

disturbing activities. The degree of mobility

- built into such barriers depends entirely upon the

value that educators attach to their need for flexibility.

Mechanical Service Systems

As activities are changed or moved, the associated
mechanical system which supplies services for
equipment and environmental control for students

must be modified as well., As elements of a ‘'mech-




anical system wear out or become outdated, they
must be replaced. This report recommends

that adequate space be provided in floors and
ceilings to allow for the expanding variety of
mechanical systems. Modification of these
systems will be facilitated if they are accessible
and if elements can be connected and disconnected
with ease. Independence of mechanical systems
from structural frames will allow the use of the
same system in different types of structures,
both old and new. Flexible and independent
mechanical service systems can give educators
the chance to specify simple systems, which can
be made more and more complex as sophisticated

equipment is added or if activities change.
Equipment

Flexible vocational facilities require mobile equip-
ment. Many units of equipment in home economics,

business education, and in some industrial courses

35
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can be made mobile, simply by putting them on re-

tractable wheels. Even the heavier equipment used

in working with metal and wood can be moved with

relative ease if methods employed in industry are

used. Placing heavy equipment on vibration isola-
tion mounts eliminates the need for bolting to floors

and facilitates moving with fork lift trucks. Lack of

T TR TR AR TR TRTT AT R s o T v e e e

equipment mobility need no longer prevent an
instructor from simulating different industrial

situations with one set of equipment.

Cost

Facilities involving the types of innovations described
in this report would be extremely expensive if they
were built on an individual basis. The volume of
construction that is being planned in Pittsburgh,
however, creates the possibility of reducing costs
through mass production. It is proposed that

systems of space division, mechanical service

distribution, and mobile equipment be standardized




in all new facilities. This standardization need not
create uniformity, if the potential of the proposed
systems is exploited to serve the needs of each
instructor and student. Bids from manufacturers

can be‘requested on the basis of combinations of

exisitng products or of totally new products
developed to meet specifications written by educa-
tors. Although this technique will not reduce
facility costs below present levels, it will pro-
duce products that are much better suited to the
needs of vocational education at only moderately

increased costs.
Planning

Creating flexible facilities does not relieve educators
of the necessity of careful planning. Courses that
relate to one énother; equipment and spalce that

are shared; small, medium, and large group in-

struction; and new courses involving new sets of

equipment all produce planning problems that are

Wi
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not solved within the present scope of the single
course, single room oriented standards and recom-
mendations., Educators and planners must know not
only how many fypewriters are needed by thirty typing
y students, but also how many typewriters are needed
by a cluster of typing, shorthand, and office
practice students. Architects must know not only
how much space is required for thirty bookkeeping |  °
students, but also how much space is needed for a
large area where two hundred bookkeeping, typing,
shorthand, data processing, and office practice
students share subject material, equipment, and

space.

This study recommends that a planning technique be
used which does not require experimentétion with
live classes in temporary facilities. One such
technique is a computerized simulation of class
activities. Creating class activity models enables
the simulation of classes of any size, using any -

instructional technique for any period of time. By
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analyzing activities represented in a computer,
educators will know more about equipment and
space needs for instructional innovations and can

plan facilities before students enter programs.
A Comprehensive Concept

The recommendations that appear in this report are
based on the assumption that vocational education
must provide training in many specific skills which
are changing as industry responds to technological
progress. Further, it is assumed that students can
be provided with greater future occupational mobility
if they are exposed to many skills in the contexts in
which they appear in modern industry. This means
that skills must be seen not only in relationship to
industry but also in relationship to }scie.nce, techno-
logy, and society. The success of this approach in
a comprehensive high school depends in part on the

environmental quality of facilities.

39
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A walk down the corridors of many existing schools
takes a student past a variety of educational activities
occurring in classrooms, but the student sees nothing
but closed doors. Everyday, several classes in a
school cover similar or related subject material in
different contexts, but few students will perceive

this material in any but the context of the course and
classroom in which he is involved. These effects

are partially the results of education in permanently
isolated rooms. Conversely, facilities can be
equally effective in expressing continuity of sub-

ject material and displaying the many aspects of

modern industry.

Facilities that are open can provide visual exposure
to many educational experiences that no single
student could have in his formal classes. Just

seeing what goes on in another vocational or academic
field may be more influencial to a student than a
conference with his guidance counselor. Facilities

that are flexible give instructors the opportunity

40
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to present information in the context of several
different subjects areas at once. A student can more ]
easily see his own developing skills and interests in

relationship to his fellow students and their abilities.

The recommendations 'nade in this introductory
section and described in detail in the following tech-
nical sections are directed toward creating the open,

flexible facilities needed to implement the new ob- -

bt 3

jectives of vocational education in Pittsburgh and ;
across the nation. An attempt has been made in
this research project to view facility problems in
relation to one another and to offer solutions that

will help release the full potential of educational

innovation in comprehensive high schools.
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Preview of Unit Two, Flexibility Through Modularity

| The purpose of this section is to discuss elements of
the vocational education facility environment which

are separate from the permanent “‘structural skeletons
of buildings. This will include a discussion of the
potential mobility of vocational equipment, problems
of providing flexible mechanical' services to the mobile
equipment, and a comprehensive schemg for a modular
component system which would provide all environ-
mental and laboratory services and could be applied

to modernization as well as to new construction.

Many planners consider the major obstacle to making
vocational laboratories flexible to be the immobile ]
nature of most vocational equipment. A study of the
nature of vocational equipment and of the way that
modern industry handles this problem leads one to
believe that this is not true. Furthermore, there

are good educational reasons why flexibility is desir-

able in vocational facilities.




Obviously, the floor space available in a vocational
laboratory is limited. Planners can compensate for
this limitation by providing the ability to rearrange
facilities. Equipment may be set up to demonstrate
one aspect of industry and then moved aside or to a
new location to demonstrate another aspect. If
instrﬁctors wish to duplicate industrial situations,
laboratories should provide the chance to simulate
different types of industrial layouts. Job shop and
production line layouts are common possibilities that

might be considered for instructional purposes.

In the job or process type of shop, machines are
arran‘ged by function; for example, all lathes are
grouped together. This layout provides flexibility
because the machines may be used for any product and
for more than one product at a time, without rearrange-
ment. Also, there are n:any plants in which equip-
ment has been arranged by product. Equipment has
been arranged to form a production line with the

material moving, continuously, from machine to




machine. Industry has found that savings in material
handling as well as process inventory costs justify
rearrangement of equipment as the products change

or as new techniques are developed.

There are other times when instructors may choose
to teach their courses by grouping equipment in
terms of general processes. Ralph Gallington, Pro-
fessor of Industrial Technolagy at Southern Illinois
University, has created the following list of possible
activity areas:

Individual areas could serve, conceivably,

as basis for some of the new area concepts;

for example, research and development,

materials testing and design analysis.

Another ¢ nceivable use of areas might involve

such facets of industry as cutting and dividing,

binding, bonding, and attaching, coating and

finishing of surfaces for pretection against

corrosion, wearing away by abrasion, sur-

face finishing, casting, forming and
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extruding of material while in the plastic
form, and heat treatment of various
materials, Still another use classification
of the areas might group together such
activities as management; marketing, and
the like. All areas could work oa a group
project involving production methods in

controls for quantity produced items.,

The list of alternatives goes on and on; however, the
result is the same in every case. There is a need

for highly mobile equipment and flexible space to
accommodate these different demands. In the following
paragraphs, the problems and sclutions associated with

dynamic vocational f:cilities will be discussed.

1Gallington, Ralph O., '"A Space Concept for New
Approaches in Industrial Arts'', Industrial Arts and
Vocational Education, March 1966,

2Data presented in the following sections was pre-
pared by the acoustical-mechanical consultant
and the mechanical engineer.
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Equipment
Creating Mobile Vocational Equipment

One of the problems of making vocational equipment
mobile is its weight; however, little of tlffé equip-
ment presently used in the schools exceeds‘an aver -
age floor loading of two hundred pounds per square
foot. Much of the equipment now used in industry
not only is heavier, but the loads are carried on
small bases. A multiple spindle automatic lathe

will weigh over five thousand pounds and have a

base that is sixty-eight inches by tv&;enty—eight inches.
This results in a floor loading of approximately

three hundred and eighty pounds per square foot. A
punch press with a twenty-five ton capacity will
weigh over three thousand,three hundred pounds,

and be placed on a base thirty-three inches by fourty-

seven inches. The average load in this case would be
three hundred and ten pounds per square foot, plus

an impact load. Industry has developed techniques A
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for moving these excessively heavy equipment units
to provide for rearrangement of production lines,
Since these problems of heavier equipment have
been overcome in industry, there is sufficient evi-
dence that similar problems of vocational equipment

could be overcome as well.

There are .a number of ways that heavy equipment

can be lifted and moved. Where e'quipment must be
lifted off the ground, a fork-lift truck can be used.

If it is not nece‘s sary to lift the machine more than a
few inches to move it, as is the case in most rearrange-
ments of vocational equipment in a laboratory, the base
may be modified so that it can be moved with a skid
truck. This is less costly and needs less maneuvering
room than a fork-lift truck. Machines which are
mounted on steel skids can be moved readily“v'vith
manual or battery-powered skid trucks. A dollie

with wheeis that lower by hydrauiic action could be

made part of the base of a machine.




A number of examples may show what is involved
4in moving even the most permanent types of equip-
ment. A gas range can be moved frequently, .if
casters are mounted permanently to the base.
Loads of up to eight hundred pounds can be moved
easily on the proper size caster. Casters can be
secured with a locking feature or moverment may be
prevented by a foot actuated brake. A sink can be
moved since it is usually light enough to be lifted
onto a small four-wheel dolly. In this case,

quick connect fittings will be required for hot

and cold water and the drain. These fittings

are commercially available.

A drill press can be mounted on a skid-type base

and easily moved with a truck. Small models can
be moved on a dolly. An auxiliary light could be

wired integrally with the power. Consequently,

a simple twistlock plug would make a quick

connection for all services to a small drill press.
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Mounting a milling machine on a skid base would
facilitate movement with a power -lift truck. The
legs of the base would be mounted on vibration
mounts with leveling screws; for, the biggest pro-
blem with moving a milling machine is in main-
taining its accuracy. To insure accuracy, a
milling machine should be leveled before operating.
Most machine tools have air lines close by, to be
used for blowing off chips. This line can be

attached with a quick-acting coupling.

Large equipment units must be stabilized without ﬂ 1
sacrificing mobility. In the past, most heavy voca--
tional equipment units were bolted to the floor,
although there is really no need to do so. A simplg ;
felt pad will suffice, in some cases. Where there

is considerable vibration, special shock absorbing

mounts are available.

The units of equipment which were discussed repre-

sent the broad areas of problems encountered in




making machinery mobile. It can be seen from
this discussion that mobile vocational equipment

is a feasible idea, worthy of further exploration.
Equipment Replacement

Equipment should be replaced when the probable
maintenance cost is greater than the cost of a new
piece of equipment plus the new equipment's main-
tenance cost. However, the director of vocational
education is usually not permitted this decision,

but is presented with a budget for new equipment.

Often, in setting budgets for the next period, the
maintenance account and the equipment purchase
account are viewed independently. Budgets for

these items are set on the basis of historical

,

s
information and any unusual plans for thée coming

period, such as the construction of a new school.
These costs, however, are not independent. Main-
tenance cost is a function of equipment age and

usage. Consequently, both budgets should be
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established, jointly, to minimize the total cost

of maintenance, plus replacement.

There are several mathematical models which can
be used to aid in establishing these budgets. > A
more recent model by K,olesar4 derives optimum
replacement rules when the equipment is assumed
to be subject to Markovian deterioration. The
Markovian deterioration theory involves viewing a
piece of equipment at the beginning of a time period
as having a set of probabilities that describe its
chances of being in one of several other states
during the period. Each of the states has a main-
tenance cost associated with it. Then, the costs
are examined for ''n'" periods, the time at which

the equipment is not longer usable. The replace-

3 McCall, J.S., '""Maintenance Policies for Stochastically

Failing Equipment, A Survey,' International Center
for Management Science, Report 6630, 19¢3.

4,K01esar, Peter, '"Minimum Cost Replaéement Under
Markovian Deterioration, ' Management Science, -
Volume 12, No. 9, 1966, pp. 694-706.
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ment equipment being considered, which has a

different set of probabilities, is examined in the
same manner, A choice is made on the basis of
the expected minimum cost. Budgets set on this
basis minimize the total expected costs of main-

tenance and replacement.

In the more typical situation, wherein the decision-
maker must decide w’hich equipment to replace within
a given budget, a problem still exists. This decision
prablem, like many of the other complex problems
facing a vocational facilities planner can be analyzed
more easily by the use of a mathematical model.

The decision model needed is one that selects those
items to be replaced within a fixed budget for equip-
ment replacement. This is somewhat analogous to
equipment replacement decisions in industry, although

return on investment is not a critical variable.

The main variables are maintenance expense versus 4

the cost of new equipment and the ability of equipment

11
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to represent present day industrial machinery. To
implement any type of decision model, it would be
necessary to install a records system that would iden-

tify each piece of equipment and contain a history of

the maintanance activity on this equipment. This
record would include major overhauls, major break-
downs, down time, maintenance and usage. With
this record, it would be possible to forecast future
maintenance expenses, usage and other information
needed in the decision model. However, the educa-
tional decision must be considered regarding the
appropriateness of the equipment to the instructional
task. At times, equipment becomes obsolete before

it wears out.
Services to Equipment

A discussion of equipment, whether it is highly mobile
or not, is not complete without a discussion of the

‘services that must be supplied to the equipment.

At times, the mechanical servicing problems asso-
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ciated with some equipment is most extreme and

demanding.

Flexibility is essential to assure that the system will
not become obsolete. In most cases, a slightly
higher initial cost is easily offset by the ease with
which alterations can be made. The typical services
required in vocational education laboratories are
electricity, compressed air, gas, and hot and cold
water. Steam is required in some operatious;
however, since steam can be generated locally, it

is unnecessary to provide this service throughout

a building.

Normally, the power connections and disconnections
needed in moving electrical machinery require an
electrician. Often, the problem is not so much the
time the electrician takes, but of securing his ser-
vices. Systems are available that make it possible
to do this connecting work with unskilled labor,

including the school custodian or the shop-teacher.
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Cables can be used to distribute electrical power.
Flexible access can be provided for most equipment
through the use of twist lock p‘lugs. Bus duct is of
less value because it is exposed and because making
the connections takes longer than coupling a twist

lock.

A number of machines use gas for processing as well
as heating; for example, some printing presses

use a burning gas to reduce the static charge. Gas
lines should be available wherever the possibility

of installation of this type of equipment exists,

Often, compressed air is used for powering hand

tools, because the equipment is less expensive and
requires less maintenance. In addition, many machines
have air cylinders to actuate their components. Also,
compressed air is used for cleaning equipment,
Distribution of compressed air demands considera-

tion of the quantity and pressure required by these

possible uses,
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Hot and cold water and drains must be available

to sinks and for processing. Some machines will

require water for cooling. For example, a thirty-five

KVA spot welder uses approximately two and one half

gallons per minute. The ultimate in flexibility

is possible when the cooling of each piece of equip-
ment is self-contained. However, special drains
may be required for machines such as the whirler

in the print shop which discharges an acid waste.

Exhaust hoods and dust collectors may be required
for many operations such as woodworking and
grinding. Where only an occasional machine re-
quires a collector, a small individual unit might
be utilized. However, a woodworking shop with a
number of units could utilize a central line for

collectors which can be connected with flexible hose.

Extreme service demands are made in welding,
radio repair, and machining areas. Some welding

machines draw large currents of up to three hundred

15
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amps and require some shielding. Where there are
a number of oxyacetylene welding setups, the vendor
can attach the gas tanks to a manifold outside of the
building. A small appliance repair shop requires

an electrical line free from interference, for testing.
Machining to close tolerances should be done in

an air-conditioned room because the temperature

changes can affect dimensional sizes.

Fundamental to this discuscion of mechanical ser-
vices is the question of their distribution.. In

order to provide maximum equipment mobility

and educational flexibility, services should be
supplied on a uniform basis and with provision

for easy connection. Although this kind of service

y provision initially is more expensive than standard
construction practice, the long range costs of not
providing this kind of flexibility become exorbitant.
For example, if compressed air is not supplied
systematically throughout some vocational facilities,

A the eventual costs of supplyihg this service, when

16
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class areas are shifted or other areas suddenly
realize a demand for compressed air, become

exorbitant.

Sample work statements and cost figures for

departmental repairs and changes for the Pittsburgh

Board of Education are listed in the Appendix.
These figures demonstrate that the relocation of
equipment and conventional school structures is

expensive.

17
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An Environmental System
The Module

Because of the rising cost of field labor and the
rapid advanc‘e’ in industrial techhology, it was an
opening premise of this study that a factory-mahu-
factured element or elements could be develoioed to
provide high quality environmental control at a
reasonable cost, Coét consideration included not | i

only first cost, but alsc long term operating cost.

Flexibility in the utilization of general class, shop,
and laboratory space would permit the building to fit
the curriculum rather than force the curriculum to
fit the building. For this reason a system of
components is proposed which can be factory pro-
duced and installed with a minimum of field labor.
The system would provide full service for contrlol
of the environment and for installation of equipment
used in space ranging from vocational shops through .

the most conventional academic teaching areas. The
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The system is intended for installation into old and

new buildings alike.

Several factors dictate the use of modularized

components: i

a. Production of large numbers of identical
modular elements lends itself to production
economies;

b. Modularity permits access to the various
required services on'a regular basis; and

c. Appropriately sized modules can be delivered
to the site economically and can be installed

with a minimum of expensive field labor.

The modularized environmental system was developed 1
ta provide the following services as illustrated in
the ""Exploded View of the Environmental System''.
1. Air temperature and humidity control.

2. Exhaust air.

3. Lighting

4. Effective acoustical control
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5. Electrical distribution lines
6. Hot and cold water

7. Compressed air

8. Gas

9. A drainage system capable of taking conventional
non-sanitary wastes as well as acid wastes

10. Various floor finishes

1i. A completely relocatible partition system

Use of the Module

A space, furnished with a modular system can serve
academic and vocational education programs more
adequately than an existing conventionally constructed
building. If the modules are properly dimensioned and
if existing older buildings are adequately prepared to
receive the modules, such a system can be utilized
as a method of remodeling existing buildings. Jt can
be even more satisfactory for the internal finishing
and equipping of new buildi“ngs, where restrictions of
existing building .widths and interior columns do not

exist. Thus, such a system would be suited to a

21

i




full range of educational programs in existing as well

as in new buildings.

Regardless of the size of school markets, manufac-
turers will have strong incentive to develop maximum
industrialization of the product as a standard item, '
for, the system is also applicable to industrial and
commercial buildings of many varieties. In an indus-
trial job shop where machine tools must be relocated
every time a new contract is undertaken, both the
operating and production costs could be reduced
greatly by the elimination of the need for such pre- '
sent day techniques as trenching existing concrete

floors for new electrical lines.
. Module Size 4

One consideration has been to develop this system for
use in total or partial modernization of existing high schools
in the Pittsburgh system and their transformation into

middle schools. Though there are broad similarities

22
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between one school and another there is an almost

infinite list of variations in such fixed components as
the distance between exterior walls and the corridor
column line, the column dimensions and the corridor

width.

Given aﬁy one wing of any one school, it is a rela-
tively simple matter to develop the length and width

of a module which comes close to covering the largest
percentage of the floor area of that wing. This has
been done for one wing of the school illustrated in the
diagram, '""Environmental System Modules Installed

in an Existing Building', It can be seen from examin-
ation of this diagram that each column destroys only
one module and that twelve modules fit between the
exterior walls with only about eight inches of non-

modular area parallel to each exterior wzll.

It is not the purpose of this program to develop a
module which can be fitted into a given school, but
rather to demonstrate a system which could be used

to find the module which fills the largest percentage.

R 2 e T AP et R T P S i 48 ot
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of area of all of the schools under study. Solution
of optimum module size by approximation or by
visual means would be an insurmountable task in
view of the large number of dimensions that occur
in surveys or working drawings of all the schools.

Therefore, we have evaluated the feasibility of

utilizing a computer to determine what length and width

of module will fill the largest area. It isour con-

clusion from evaluating the limited, available data

that such a program is not only feasible but can

utilize program subroutines in common use in the
computer field today. A more specific discussion

of this matter is given in Unit Seven.
Basic Module Design

A consideration of the relationship between the variety ]
of services with the equipment to which such services
must be attached leads one to conclude that it is neither
possible to provide all of the services in the floor,

making connections in an upwards direction, nor feasi-

25
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ble to install all of the services in the ceiling, making .
connections in a downward direction. Furthermore, |
the quality of finishes in the existing schools to be
renovated is such that by any modern standards

both the floor and the ceiling must be replaced,
anyway. For these reasons, two factory manufactured
components were considered. One would be suspended
from existing structural slabs to form air distribu-
tion and delivery equipment, as well as lighting

and acoustical control. Another element would

be supported upon the floor slab to contain the ser-
vices which are most ideally connected upwards
through the legs and bases of the equipment to be

installed.

Lists of equipment likely to be used in a wide range
of vocational courses were compiledi and standards
for environmental control, such as air temperature
and lighting level, were reviewed. From these, it
was possible to establish loads that various distribu-

tion systems, such as duct work and wiring,




would have to carry. Then it was possible to estab-
lish approximate wire sizes, pipe diameters, and
duct diameters. It was established that all of the
ceiling functions could be carried out within an
eighteen inch depth and that all of the floor functions
could be carried out within a depth of approximately
twelve inches. Thus, in any portion of any of the
existing schools where the vertical dimension between
the floor and the underside of the slab above is
twelve feet or greater, such modular elements could
be used throughout. This would provide clearance

of nine feet and six inches,

A preliminary survey of ceiling heights in the secondary

school buildings of Pittsburgh which appears in detail

in Unit Six, Appendix, indicates that over half of

these are twelve feet high or more. A vast majority
of these could accommodate a modification of the
system which only involves ceiling modules. Avail-
able ceiling height in existing schools will not

become a restriction.

L g e ot e o T S S




R e R R .

28

o

Obviously, in new construction, any desired height

can be achieved. Where twelve or fourteen feet finished
heights are required to accommodate certain shop
programs, there will be cases where adequate height

is available in the existing schools and other cases
where it will be necessary to construct additions to

the school.

In evaluating these proposals, we have considered
the full range of methods by which energy can be dis-
tributed around the buildings. There is little choice
in distributing electricity to power equipment. The
energy is purchased from the power company and
distributed through the building by a fairly conven-

tional system of wires and cables.

With the provision of cold air and warm air for tem-
perafure control, the problem becomes somewhat
more variable. For example, it would be possible
to run electrical power to each module and within

that module generate warm air by resistance heating




and cold air by one of the conventional refrigeration
cycles. On the other hand, it would be possible

to go back to a central mechanical room at one
point in the building and produce both a cold

medium and a hot medium to transport the energy

to and from the occupied spaces. This medium

could either be hot and cold water or hot and cold

air transmitted through pipes or ducts. Between
these two extremes there are a number of methods

of controlling temperature within the occupied spaces,
including central units for each wing of the building,
smaller units for one entire wing on a per-floor

basis or still smaller equipment for small numbers
of modules. A fairly detailed preliminary analysis

of initial and operating cost was made based on
commercially available heating and refrigerating
equipment. This study concluded that unitary equip-
ment to provide heating and cooling for an area of .
about three hundred and sixty square feet would be

most economical.

29
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Any area could be served with hot and cold air

by connecting modular units end to end and feeéing :
through the nearest moduie to subsequent ones.

Duct sizi‘ng must be constant throughout all modules
in order to maintain the reéetitive character of the
modules for production line techniques. If too many
modules are served through the module nearest the
source of air either the ducts in all modules or the

air velocities in the modules nearest the source will

‘become excessively large. An analysis of these con-

siderations led to the conclusion that a run of six or
seven modules was the longest that seemed practical,

at least in existing buildings. Rows of modules, as

“shown in the "Air Distribution Diagram?!' would be

reasonably sized and would have reasonable air

velocities. Further, two such rows could be served

by a single supply unit connected to rows of modules

by header ducts.

Further study of the same line of reasoning suggested

that all electrical cable should be of identical size
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regardless of module position and should be sized
to permit linkage of six or seven modules in a line.

Identical reasoning was applied to air lines, gas KE

lines, water lines, and drains. 4
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Building Preparation

Portions of the building in which there are large,

relatively open spaces facilitate easy placement of
modules. Since all buildings are not of the same
size, nor all columnsu placed in the same manner,
this would automatically leave certain areas along ':
the exterior wall and around columns and other
irregularities, into which whole modules could not
| be fitted. Thefefore, prior to the delivery of the =~ |
i prefabricated modules to the building, it would be
3 necessary for an architect to lay out module lines ]
in the most optimized way and design relatively
% : standard ''fillers' at the floor level and ceiiing
level. This phase of the work would be carried ]

out by conventional means by a general contractor ]

w
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hired for a particular job. This would be coordinated
with the refurbishing of existing non-modular space,
such as stairways, toilets, gymnasiams, and audi-

toriums.

Module Installation

When portions of a building to be modernized had been

prepared to receive an integral number of whole modular
units, the system would be delivered to the site. Each

floor and ceiling module should be made a self-contained

°
i«

package approximately eighteen inches smaller than the

module -line -to-module -line spacing on the ceiling

and six inches smaller on the floor. In addition, a

] system of partition tracks and ceiling filler panels

Ay i o

and floor filler panels would be delivered with the
modules. The floor and ceiling modules would be
put in place and connected by means of various pieces
of flexible tubing, piping, or cable and with special | i

plugs, snap fittings, or flange attachments. The

partition and partition track would be hung and the
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ceiling and floor fillers installed. Connections
would be made between the face of the module nearest
the exterior wall and the various supply and dis-

tribution systems,

At the completion of these operations, the modular
area of the building would be ready to be furnished.
Machine tools could be moved in and the electrical
and exhaust connections nade by school personnel.
This might be done by the Department of Plant
Operations and Maintenance, by custodial help at
the individual school, or even by staff members.
In most cases it should be unnecessary to call in
outside contractors for the installation of equip-

ment,

Two special considerations arise concefning

the installation of modules which are identical in
that they carry all services, It may be well
known for one reason or another that a given area

of a given school might have no need for compressed
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air. In this case it would be desirable to have the
modules delivered without air lines. Obviously,
there will be cases where educators feel that the
addition of some services is not economical, in
view of the relatively small number of times that
space would be reallocated. Finally, the history
of prefabrication in the building industry has led
us to be extremely wary of union jurisdictional
situations. Therefore, it would be desirable to
separate the installation by the various trades
where this became necessary. Of course, this
would ihcrease the field installation cost because
the modules could not be pre-wired, pre-plumbed,

or pre-lighted.

For example, the wiring problem might be solved
in this fashion. A module-length piece of wire 3
having a female plug at one end, a cable with |
suitable ""T'"' connections to lead to receptacles

in the sides of the modular unit, and a male plug

at the other end could be fabricated. This wire

35
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~desired, this particular service could be installed

could be installed in the module by means of specially
designed sn;p-in connections. In the ideal situation,
this wire would be snapped in at the factory and
delivered, integrally, with the module. WEere
Tl
separately. All of the wiring c;ould be fabricated
in the above described manner, but c<‘>u1.d be delivered
to the electrical sub-contractor for. installation into
the modules on the site. Hopefully, this ''snap-in"
approach would resolve most of the juriséictional

disputes.
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The Environmental Services

Sound Control in Vocational Laboratories:

Within the context of the foregoing design decisions,

it is extremely important to develop a system in

‘which reasonable control of general activity noise

is achieved and in which it is possible to have
flexibility of space use without acoustic interference
between activities. As is the case in all general
teaching facilities, the requirements are to pro-
vide sound absorption for control of sound within
the space in which it is generated and to provide

separation of adjacent activities, if one is noisier

than the other.

Under normal conditions, adequate general noise
control within a given space is provided by in-
stalling efficient sound absorbing materials equal
in area to at least half of the room area. It is
proposed to incorporate this material into the

ceiling module, where it can double as a light'

P et 10 e e b b e
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reflector. The proposed material would be a glass
or mineral wool blahket faced with a porcelain

enamel, perforated metal surface.

Flexibility of space on an activity-to-activity basis
SR

can be provid . | by the installation of partitions

which can be moved at will or by eliminating parti-

tions, either totally or partially. Many modern

schools have been built which utilize movable

: partitions in the form of accordian or folding panel

walls. Sometimes these do provide the necessary
acoustical isolation. Unfortunately, school planners
use these movable partitions in the same iocation
that masonry walls were located. Not recognizing.. .~
the full potential of movable partitions, many
planners seek to isolate course areas instead of

zones of differing noise level.

Any set of class activities generates several dif-
ferent noise levels. For instance, a Cabinetry

Laboratory generates a noise level created by
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machinery. However, during lecture and discussion
periods, the Cabinetry Laboratory can be as quiet as
any library. A Latin class, on the other hand, is
often typified as always being quiet; but there are
times when class recitation generates a ‘disturbing
level of noise. Therefore, instead of ‘wrapping
movable partitions around total class areas, planners
should use them for the pﬁrpose for which they

are most effective to isolate activity areas gener-

ating different noise levels.

Some school planners have gone tu the concept of
open-plan space design. By using sound absorbing
material, they hope to avoid the use of any
acoustical wall device, Walls in these schools
serve only as visual barriers. Unfortunately, no
special provision is made for the separation of quiet 3
activities from general areas and extremely noisy

areas. 1

Both of these solutions to flexibility have produced

a great deal of criticism, some of which is justified.-
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This has meant, for many people, that flexible
open-plan space design was not, and never will be,

a workable educational idea. However, educationally,
thelse solutions can be valid. By not providing a
limited enviropment which is specific oply to thew_v o
particular set of courses which a student is taking,

we hope to provide open spaces in which other activities
and courses constantly are visible and accessible,

In the open-plan space there can be considerable

idea spin-off and a general deepening of the

educational experience. But, the major reason

is that the kinds of changes which are occurring

ever more frequently in today's school building

can be effected more easily if they are not hémpe‘f’éd""'

by permanent wall construction,

Some planners have maintained that folding partitions
have limited isolation value and that partial partitions
could never provide adequate isolation between
teaching spaces. They concluded that conventional

high density, fixed partitions were the only solutions
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to sound isolation problems within a school. However,
the folding partition argument has been strengthened
greatly by recent developmental research, This
development can be traced to the beneficial efforts
of the research activities sponsored by Educational
Facilities Laboratories. Thus today there are many
folding partitions on the market which provide better
sound isolation than the average inter-classroom,

fixed masonry partition of a number of years ago.

Many people in education and even a few within the
field of acoustics have argued that the large number
of apparently successful open-plan schools gives
testimony to the effectiveness of such construction.
Others claim that a more careful examination
reveals that although they are satisfactory for the
majority of activities, these schools periodically
are plagued wi.ch special conditions making their
use difficult. Comparison of the noise levels of
various teaching activities, the times that these

various degrees of noisiness will occur, and the

41
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the same time allowing for the special conditisns—a:

areas which each activity occupies indicates that
a much higher degree of openness can be achieved
through the proposed ’system. Hence much less
restrictioh of movement caﬂ be possible while at-
which can produce noise interference. This
method can provide lé,rge teaéhing spaces which
are open, without interference oécurring. The
other areas can contain high noise levels, without
disturbing the open space or can be secluded for
the sound control necessary for contemplative

study, examinations, or reading.

A cursory examination of the types-cf activities. .
likely to take place in educational laboratories
indicates that a vas{; majority of the area's will
contain activities which genérate only a moderate
level of noise. These include most laboratory
courses in a business education', technical educa-
tion, ;nd home economics courses; Thus the much

smaller area represented by the extremely noisy
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activities or those requiring low noise levels can

be thought of as islands in an otherwise open space.

At present, there are a relatively large number of
operable partitions providing sound isolation
sufficient to isolate a noisy area from a general
area or a general area from a quiet area. Two
such pa;titiqns providing an intervening buffer
can be utilized to isolate even a noisy area from
a quiet area. The intervening space can be used

for storage, study resources, circulation, medium

size classes or general activities.

General

Noisy

H
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To substantiate the above-generalization, we have

reviewed noise data found in an extensive noise

measurement survey. > It was found that the

noisiest piece of equipment li‘kellyt to be en- . 1
~ countered in a vocational program is a furniture -«

parts planer. Noise levels from this machine,

from the lowest to the highest frequencies, are

in the range of eighty-four j:o one hundred and

seven decibels. If we utilize measured sound

isolation data for a fairly conventional accordian :=

type folding partition, and reduce the planer noise

by the amount, the resulting levels on the remote

side of the partition will be about equal to the

noise levels in a moderately active business

office or open scli .ol area. Such levels transmitted

into an occupied general school area would be

audible, but rarely disturbing. In contrast, if

such levels were transmitted to a lecture room Y

5 ‘Karplus, Henry B., and Bonvallet, George L., "A
Noise Survey of Manufacturing Industries, ' American ;
Industrial Hygiene Association, Quarterly 14, pp.235- J
263, December 1953, | B |




or study hall, they would be extremely disturbing.
Therefore, if we include a second partition which
enclosed the quiet activity, the noise transmitted

through the two partitions should be close to, if

not inauditle.

Noisy Area Peak

\ Reduction Required

Noise

Reduction Required

Low

Desired Quiet Area Noise Level

Low High
Frequency

Tracks can be erected within the ceiling on a rec-
tangular grid system throughout all general academic
laboratory and shop areas. Each wing of existing
schools can be furnished with sufficient lengths of
operable partition so that any conceivable number

of space divisions can be provided. For purposes
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of this section it is sufficient only to point out
that such partitions should provide sound isola-
tion in the range of STC thirty-five to forty-five. .
Thus two partitions splaced a minimum of five
feet apart should provide fifty-five to seventy DB
of sound isolation. The upper figure is more than

is provided in the music suite of most well-designed

conventional schools.
Electro-Acoustics

In a good educational environment we should provide
systems which permit a lecturer to address a large
group, allow movie projector sound to be conveyed
to a large group, and permit communications to
persons in vario.  locations throughout the space.
There will be times when a hundred or more students
should be able to hear movie sound or a lecturer's
voice. A low sound absorbing ceiling, together

with noises from surroundirig activities will make

such large group instruction impractical without
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amplification. A suitable electro-acoustic sound
amplification system will help solve this problem.,
With the use of electro-acoustic systems, it is also
possible for material to be shared by students in

various locations throughout the building.

With conventional amplification equipment, it is
possible to provide a central control consc;le similar
to the type now used in the administrative suites of
modern schools, and also local sub-control positions.
Switching would permit connecting a microphone in
any position in the building to any number of loud
speakers distributed throughout the entire building.
These loud spedkers could be located in the per-
forated metal light reﬂéctor in fhe center of every
module and connected through a communication

circuit provided within the ceiling modules.

For transmission of programmed material to
individual students located at remote points around

the building, this signal may be carried in the
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communication channel located in the floor module.
This would be accessible through the floor channel
on any module line through a receptacle into

which single or gang earphone plugs could be
placed. Several channels of this sort could be
provided, so that simultaneous programs could be
distributed throughout the building. It should be
noted fhat the sound isolation value of the earmuffs
provided with most high quality earphones would
’considerably attenuate general activity noise,
giving the student a sense of isolation without the
necessity of partitioning spaces. Further it should
be noted tﬁat by using telephone lines, it is possible
to originate material in a central repository for

the entire schoc! . vstem.
Mechanical Equipment Noise

Air supply and exhaust systems can be designed which

'will not disturb the activity in the area in which they

are used. In the quiet areas, the noise of the mech-

,m;




L T T

anical equipment should be marginally audible, if,
heard at all. It is assumed that only the hot and cold
air supply systems and the return air system would
be used in these areas. Since the exhaust air system
would be used only in the general activity areas or
the noisy areas, it is permissible for noise of this
system to be considerably above the marginally

audible condition.

Each module will be required to supply approximately
sixty cubic feet per minute of ventilation air. With
commonly available technology, the delivery of

sixty CFM can be done almost silently. If, for
example, six modules are connected one to another,
the module nearest the source of air supply will have
three hundred anc . '+ CFM of air traveling through
its distribution ducts. Noise due to velocities of one
thousand to one thousand two hundred feet per minute

can be readily attenuated in the middle layer plenum

of each module :imply by providing adequate acoustical

lining material. Provision is made in the dual duct
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mixing box for an attenuating baffle. With proper
attention to detail, this baffle should be capable

of reducing any turbulence noise which might

occur at the mixing box damper.

Because of the high level of activity noise in most

shops and because the exhaust noise in laboratories
would be confined to hoods, noise control probably

will not be required for the exhaust system. In

any event, mechanical equipment noise control

technology is well known and can be incorporated

into the industrialized design of the ceiling component. |

The machine providing heating and cooling can be
sound isolated ix a number of ways. In the first
place, it could be . v vibration isolated by conven-
tional means. It is possible to design sound attenu-
ators both to prevent sound from traveling through
the modular duct distribution system and also to
prevent noise from emanating into exterior areas

where it might be disturbing.
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Lighting

In our original proposals it was considered desirable
to have three levels of illumination available in any
module at any time. These included a very low
level suitable for emergency lighting, for circu-
lation, and for limited notetaking during audio-
visual presentations; a normal classroom illum-
ination level of approximately seventy focot candles;
andu a high illumination level as high as a

thousand foot candles for very specialized detailed

work.

However, it appeared evident, on i'eviewing the
available te;xts and interviewihg specialists, that
seventy foot candlé average illurhination was
sufficient for all but a very small number of tasks
such as operation of certain machine tools, In such
cases, local illumination can be provided, powered
by the floor electrical distribution system. For

many activities, portable light sources are even
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advantageous, because shadows on woolen material
or reflected glare from scribed metals can be
controlled by adjusting the direction from which

the local light arrives.

It was discovered that transmitted projection of
visual images can be readily handled in seventy

foot candles of illumination. No restriction would

be imposed on audio-visual presentations and light
control would be simplified, Rear projection
devices containing the pfojector, mirrors, and
screens are available as unitized portable equipmént.
These can be moved readily from place to place

and can be used for the projection of all of the
conventional photographic media, including all

sizes of slides, film strips, and motion pictures.

In addition to rear projection in the conventional
sense, television monitors utilize tfansmitted

images and can, therefore, also be effectively

viewed in a room illuminated to seventy foot candles.




It is presumed that as technology advances, the

inherent advantages of television systems throughout
citywide school systems as well as regional
networks will increase their use. The basic
advantage of television display is that virtually

any form of program medium may be used as an
input to the system and an infinite number of
viewers may watch with equal acuity depending

only on the number and size of monitors provided.
Material projected may originate locally, projected
to monitors close to the large number of viewers.
At the other end of the scale a live program originating
miles away may be viewed simultaneoﬁsly, by any
number of viewers throughout the country or even

at a delayed time by video recording. ’It is rea-
sonable to assume that color will be added to the
virtues of television systems in the fairly near

future at reasonable cost.

Lighting can be handled with one moderate level of

overall illumination at no sacrifice to the quality of
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Projected visual presentations. Providing
localized, directable high level illumination
in those few areas where it is required will

supplement lighting from the system. | -

It would be ‘extremely desirable to incorporate
within the modular systein a method of auto-
matically providing emergency lighting in the
event of power failure. We are proposing, there-
fore, that each module contain a low voltage

emergency reflector lamp mounted above the '

lighting diffuser grid and projecting straight

downward. This would be powered during emer -

gencies by a rechargeable battery. The battery

could be maintained in a charged condition by a

device commonly in use known as a '"trickle" ]

charger. Power failure automatically switches

/ 1 on the emergency lighting system in every

module and battery power is sufficient for a

minimum of six hours or more of constant '

operation. ij
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Heating, Ventilating, and Air Conditioning

The modular system previously described is
adequate as a method of distributing air through
the building and delivering it into the occupied
space. However, the method of connecting the

source of heating and cooling into the modular

system is dependent upon the size of'rtl;e insta‘llation
and the economies that can be realized by modular -
izing into small eleménts those components of‘ the‘
supply and distribution system which do not fall

within the general modular area.

If one assumes that rows of six modules of approxi- i

mately thirty square feet are to be served, one can

provide a packaged air conditioning and heating unit

for one, two, three or more rows of six modules. ;

If estimates are made pertaining to the number of
square feet of exterior wall and window per module

width, heating loads required to offset outdoor loads, ]

heat from the lighting required to meet lighting
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standards, heating provided by an estimate of maxi-
mum amounts of electrical equipment which will be
located within.the row of six modules, and also the
sensible and latent heat loads provided by occupants
of the space on a per-module basis, it will be’
possible to estimate the total heating and cooling |
loads which must be ilandled by the equipment.
Making such assumptions and recognizing that it is
more difficult to cool a space than to heat it, we
find that to serve one row of six modules will re-
quire a two ton air conditioner, two rows of six

modules, a three ton air conditioner, and finally,

e Y h

three rows of six modules will reqﬁire a five

ton air conditioner. It can be established by
consideration of size :nud weight as well as operating
economies that a three ton unit would be most
suitable. Thus, the two rows of six modules each
utilizing a three ton air conditioning unit would be

the most efficient unit.

hese




In comparison with first cost, operating costs of

various types of three ton package units suggest

that the most economical system would utilize such

i
q
H
|

a system as the heat pump. Though considerably

more sophisticated, the heat pump is little

different from a conventional through-the-window

P

type of air conditioner.in which by alternately com-

pressing and rarifying a refrigerant, one of the

R

two coils within the equipment can be kept well ,
above the highest expected temperature of the air

into which one wishes to place heat. The other ‘
coil can be kept well below the temperature of the ’
air from which one wishes to wi.thdraw heat. Ina
conventional window air conditioner, the hot coil

is always outdoors and the cold always indoors. The
heat pump differs only in that hgat from the hot coil

may be used to contribute heat to the interior zones

AN o i
3
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during cold seasons.

As a result, it is possible to use one piece of equip- v

ment to provide both the required summer cooling 1

e
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and the required winter heating. 'If electricity is used
to provide the energy for both the hot coil and cold

coil, the need for pPlumbing or duct work from a cen-

tral location is eliminated. This is especially impor -
tant since electrical distribution is required for other
equipment within the modular area and wires must

in any event be installed from the city feeders up

to the modular elements.

Since the load may vary from module to module and

even within a module from time to time, it is
desirable to provide temperature control within
each module. Since it is possible to enclose any
one or any group of modules to form a small room,
temperature control on a more-than-one-module
basis would not be ¢ .. nipatible with the flexibility
of the partition system. For this reason our
engineers have proposed to provide a hot air duct
and a cold air duct running through each string

of six modules.
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How hot or cold each of these ducts is must depend
upon the average demand imposed on the system

by the internal and external heating or cooling
loads, However, within the module, a temperature
sensing device within the return air duct can

detect immediately an increase or decrease in

the load within that module. A pneumatically
controlled damper automatically shifts the share

of the load provided by the hot and cold ducts
respectively. Thus, it is possible in winter to

be heating an external group of modules to com-
pensate for losses of heat through the window to
the outdoors, while at the same time cooling an
enclosed group of interior modules where large
numbers of people or installations of equipment are
overheating the enclosed space. This system,
though considerably readapted for our purposes of
prefabrication and industrialization, is actually
nothing but a modification of a very commonly

employed system in many modern office buildings;
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thhs, the equipment cannot be considered novel

or experimental.

The equipment described above, in addjtion to
providing temperature control, can also provide
humidity control. In winter, when outdoor humidity

is very low, the amount of moisture placed into

the air by bodily perspiration, cooking, and other
latent loads will often be less than the amount re-
quired to bring humidity up to the optimum of thirty-
five to forty-five percent,.. Thus, K simplé recirculation
of most of the returned air is all that is required

for reasonable humidity control. Unless it is
excessive, a deficiency in humidity is not considered
uncomfortable. In the summer when outdoor

humidity is high, it is important for comfort to
remove excess moisture'from the internal air.
Incidentally, lowered humidity is necessary to con- 1
trol perspiration in certain critical areas, such aé
drafting rooms. To remove moisture, it is necessary

to keep the temperature of the heat pump cold coil
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well below the dew point of the moist summer air.
As long as this is the case, moisture will condense
on the surfaces of the coil just as it does on a

cold tumbler of ice water, the surfaces of which
are also below the dew point of the surrounding

air.

Heating and cooling by air can be dealt with in 3
either of two ways, even within the constrictions

of the system described avbove. For example,

very hot and very cold air can be delivered in

small quantities or cool and warm air can be
distributed in very large quantities. . An engineering
balance must be achieved between the power required
to produce the higher and lower temperatures as
opposed to the saving in duct size when high and

low temperatures are used. We have evaluated

this and have established that for the presumed
thirty square feet modules referred to, about

sixty CFM would be required for each interior ;

module. Air would be delivered at a cooling
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temperature. of fifty-eight degrees. .A heating tempera--

‘ature of eighty-five degrees and movement at one

hundred CFM would be used.

The quantity of air also must meet certain requirements
for ventilation to control odors. Sixty CFM per

module constitutes over twelve air changes per hour

for each module and one hundred CFM over twenty

air changes per hour. Though opinion is .not
crystalized on the minimum ventilation air required,
most codes call for between one and ten air changes

per hour for any type of room. Thus, t.he heating

and cooling load is the determinant in the quantity

of air supplied.

In addition to a certs‘n number of air changes per
hour, most codes or minimum standards require
that a minimum number of cubic feet per minute

be supplied to a space on a per person basis. This
usually falls between seven and one half to ten CFM

per person. Therefore, it is necessary at all times
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to exhaust to the outdoors approximately ten CFM
per module, and to draw in and condition outdoor
air in the same quantity. During times of moderate
outdoor thermal and humidity conditions, often it is
possible to economize on operation of the heat pump
by exhausting most of the air and drawing in all
new outdoor air. This is true, for example, when
outdoor humidities are relatively low and temper-
atures are in the range of fifty-five to sixty-five
degrees Fahrenheit. Thus, the air system should
be capable of exhausting a minimum of fifteen
percent of the return air and a maximum of one

hundred percent.

Many pieces of equipment in OVT facilities require
special contaminated exhaust systems. These
include laboratory fume hoods, automotive exhaust
systems, paint booths, and dust removal equip-
ment in association with various shop activities.

Since the duct work to provide for this exhaust can
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be constructed integrally with the overall module
packets, it is proposed to connect such exhaust’
duct work in the vicinity of the heat pump. Whern a
row of six modules is known to contain contaminated
exhaust equipment, then it is possible to install an
appropriate blower and, if required, a dust
collector. A typical chemistry hood, for example,
requires around six hundred or seven hundred
cubic feet per minute ‘of exhaust air to assure
withdrawing of odorous or toxic fumes from the
laboratory space. Using duct systems to exhaust
this quantity of air is very reasonable. However,
to expect any one module to supply conditioned air
at that rate to make up for the exhausted air would
be unreasonable. I. - nroposed for this reason
that a restriction be imposed on the overall
system in that if a typical fumehood is installed

in one module, at least eight additional modules

be enclosed within the same laboratory. Each

of these will contribute some of its supply air to
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make up for the amount exhausted through the hood.
Rarely, should this constitute a serious limitation,
in view of the small average number of hoods

utilized per square foot.

Electrical System

The electrical system in the modular components is
divided into three elements: electrical distribution
for powering light, electrical distribution for
powering equipment, and electrical communication
systems., A distribution system of electricity for
lighting is to be contained in the ceiling modules.
This is intended to power two forty-eight inch

fourty watt fluorescent lamps and associated ballasts.
In addition, this distribution system should include
a one hundred and ten volt single phase sixty cycle
AC current with receptacles of the twist-lock variety
concealed above the lighting. These receptacles
would be used for suspension of display lighting or

other special low power consumption equipment.
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Power must be provided through the floor modules
to ‘supply lathes, sewing machines, vacuum cleaners,
and a myriad of other pieces of conventional equip-
ment. Itis proposed to distribute two hundred and
eight volt three phase sixty cycle AC current with
lines rated at thirty amps or sufficient capacity to
handle a ten horsepower motor. This system would
be used primarily for heavy-duty machine tools.

In parallel with this system would be one carrying
two hundred and eight volts single phase sixty cycle
AC thirty amp current, suitable for powering
special heavy-duty appliances. Finally, there
would be two one hundred and twenty volt single
phase sixty cycle AC fifteen ampere circuits capable
of carrying one twe .. "ilowatts for smaller con-

ventional appliances.

All of the electrical services within the floor system
would be distributed over a single four wire dis-
tribution system. It is felt that the provision of these

systems with these ratings should provide for
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virtually any installation contingency. However,
since receptacles are provided for each service
at two points in each modular element, the
system is subject to misuse. Therefore, itis
proposed that at the end of each run of six
modules, an automatic resetting circuit should

be provided in the vicinity of the heat pump.

Plumbing System

The design of the plumbing system is similar in
concept to that for all other distribution systems.
We have estimated loads based on typical labora-
tory or home economics sinks, clothes washers,
dishwashers, chemical eye baths, emergency
showers, and other fixtures. On this basis, it
has been established that one inch diameter pipes
are sufficient to transmit cold water, hot water,
and compressed air throughout a run of six
modules. The gas piping within the modules

must be approximately two and one half inches

67




68

in diameter both because it is not unreasonable

to assume six or more burners in use simul-
taneously and also because it is dangerous to allow
gas pressure to diminish too greatly near the
ends of a run., Similarly, to assure the ready
ejection of sclid matter in the waste line, it is
necessary to use a three inch diameter waste
line. Finally, both codes and good practice
dictate a waste vent two inches in diameter to
prevent the accumulation of odorous gases within
the waste line and to prevent the weight of waste
water traveling through lcwer portions of the soil
pipe to break the odor-containing plug of water

in the trap at each fixture.

In a previous discuss:c.:, the advantages of having
a snap-in detail for wiring and piping within the
system were mentioned. The waste line adds a

fourth justification for this clip-in detail. We

wish to have every module manufactured identically

with every other in the factory. However, the
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drain pipe is required to slope downwards toward
the main pipe leading down to the city sewer.
Therefore, it is proposed that a series of clamps

be available at the point where the waste line is
installed, so that it can be relocated in a downwards
direction to allow the required slope as it is being

installed in the field.

One additional consideration for the waste line is
that certain wastes contain acids in an excessively
corrosive quantity. It is proposed that all waste
lines be acid resistant, that is, glass lined. This
necessitates neutralizing the wastes at a central
point. However, this retains the basic concept of
being able to locate any drained equipment at any

point within the modular system.

Consideration was given in the planning stages to the
provision of steam lines. A number of considera-
tions led us to eliminate this service from the

system. Primary among these was the limited
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number of pieces of equipment which use steam
today. These are limited almost entirely to
laundry areas and commercial cooking areas. A
further consideration is the necessity of providing
condensate return lines. Where it isr needed,
steam can be provided, locally, by a gas or

electric steam generator.
Source Location

Obviously, each cluster of modules must be fed with
¢nergy and energy-bearing media from sources
€3xterna1 to the cluster of modules. For example,
for temperature and humidity control refrigeration
equipment and blowers are needed, for exhaust air
blowers are needed, "o lighting and for equip:inent
electricity is needed. Each source may be located

in a number of positions,

In general, gas, cold water, and electricity must
be fed through pipes and wires from city services

brought in from the street. These, therefore, are

i
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handled in a more or less conventional manner

between the city feeder and the first module,

Various methods of installing equipment for the
other utilities can be considered in terms of maxi-
mum economy of interconnecting duct work and pipes.
It would seem logical to install the source equipment
as close as possible to the end of the exterior
module. In buildings with a large floor to floor
. height, this equipment might be installed within
: the building, immediately above the first module. i
On top floors, the equipment could be installed on
theroof. In many cases, there would be crawl
spaces or unusable basements which could be used
for equipment. Still another approach is to construct
enclosures, cantilever or otherwise supported on
the exterior of the building. In the case of south
and west walls, this leads automatically, to con-
sideration of the use of these enclosures as solar
shading devices to reduce the cooling load. When

it is found desirable to add external corridors for
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traffic circulation, the ceilings of these corridors
could be used to conceal the energy source equip-
ment. An important consideration in source

location is access for maintenance.

In new buildings, the location of source equipment,
as well as distribution mains, is less restricted
than in existing buildings. For example, sufficient
space would be provided above the upper module
and below the roof slab or the slab of the floor
above. The source equipment can be located at
any point at either end of any row of six modules.
Therefore, if one wished to construct a building
one hundred ard fifty feet wide, one could have two
sets of source equiyment at each external wall

and two sets running 2!« ng the center line of the
building. The only special provision needed would
be the installation of conventional ducts to draw

in an exhaust for condenser air and ventilation.
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The decision as to the location of the source equip-

ment would be based on the specific architectural

considerations of the individual building and on

the overall size of the system. .
;
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Schematic Drawing of Services in Floor Module
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Preview of Unit Three, Space Determination

Creating flexible facilities does not relieve educators
of the necessity of careful planning. Furthermore,
existing space standards upon which facility planners
now depend do not provide solutions to problems
created by new developments in education. Some of
the new developments are: dynamic relationships
between different subject areas and resultant efforts
to share subject material, space, and equipment;
small, medium, and large group instruction; and

new courses involving the use of new equipment types.

A nationwide survey of the space standards recom-
mended by state departments of public instruction1
revealed little relationship between space standards
and new course activity patterns. The character-
istics of acceptable existing rooms, as determined
by past programs, are translated into individual state

étandards for new programs, regardless of the

1See Unit Six, Appendix
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introduction of new organizational techniques or
the instruction in the use of new equipment and
industrial processes. Accordingly, methods of
planning facilities mwust be re-evaluated in light of

present conditions.

This study recommends the use of a planning techai-
que that does not require experimentation with

live classes in temporary facilities, This techni-
que is a computerized simulation of class activities,
A class activity model can simulate classes of any
size, using afxyuinstructional technique, for any
period of time. By analyzing the results of computer
simulations, eduéators will know more about equip-
ment and space needs for instructional innovations

and can plan facilities before stindents enter programs.

Since there is such a close relationship between
course activities and equipment and space needs, a

mathematical model has been developed to simulate

activity patterns. Sirnilar models are used to repre-




sent the flow of traffic in a city. In such a traffic
model changing activities in a city, which generate
varying flows of traffic through the street network
of a city, are considered, An estimation may be
made that if a certain activity takes place at a
certain location and at a certain time of the day, it
will generate a predictable increase or decreasae in |
the volume of traffic on any particular street.
Through the use of a similar technique, the relation-
ship between educational activities and needs for

space and equipment can be analyzed.

The purpose of the simulation model is to determine
the effect on activity patterns of such factors as
these: class composition, time duration of the
course, time duration of individual activities,
number of activities, number of equipment units

for each activity, teaching technique, mobility of
equipment, order of activities sequence, idle time

of equipment, and idle time of students. To deter-

mine the relationship between these variables and




resulting activity patterns, the variables are changed
separately and in groups. Then, the model generates
an estimate of equipment and space needs for each case.
If values are set by educators in terms of costs of
duplicate equipmeri and space versus costs of

flexible activity scheduling and mobile equipment
systems, such information can help determine

desirable course activity patterns and facility needs.

Alternative methods of providing vocational facilities
have been discussed in other sections of this report.
The purpose of this section is to explain a tech-

nique that has been developed to evaluate alter-

native facility planning decisions.
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Simulation Models

Many problems confronting modern industrial and
economic planners are too complex to be solved

by the use of standard analytical techniques.
Situations that involve the interrelation of numerous
variables, all changing simultaneously, demand
powerful techniques for complete analysis. Such a
complex situation confronted the researchers as
they sought methods of designing vocational facilities
by relating space and equipment needs to course ac-
tivity patterns. One approach to this problem is

through the use of computer simulation models.

A computer simulation model serves the same pur-
pose for the economic or systems analyst as the lab-
oratory does for the chemist or model oil refinery
for the engineer., Both are designed to provide

an experimental setting in which one may try various

approaches to solving a problem and learn how the

system under study responds to different stimuli.




In order to simulate, a set of equations must be

written that describe the relationships of the vari-

ables involved. Once all these parameters and
descriptive equations are established, the alterna-

tive plans may be tested, using a digital computer.

Simulation techniques have been used to experiment
with complex systems in a wide variety of areas,

including detailed economic systems, industry

and firm behavior, and group behavior. Itis a

tool which, when properly used, can provide an in-
sight into the operation of a system, prior to
physical construction of the system. As such, simu-
lation can be used to test new ideas and innovations
in systems where the interrelationship between
variables is too complex to be analyzed readily by

hand calculations or by ''trial and error. "

Although the dynamic relationship between course

‘activities and resulting needs for space and equip-

ment is a.complex system, apparently satisfactory
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vocational facilities have been planned and built

without the aid of computer simulation. A number

of usable standards, which provide recommendations

for total space, total equipmént, and even environ-

ment, are available for facility planning. However,
these standards, many of which are recommended by
state departments of public instruction, have qualities
which tend to make them inflexible and out of date

the minute that they are put down on paper. Some of

these qualities are:

1. Standards are based on the apparent success of
existing facilities to meet the needs of courses
written in the past.

2. Recommendations are made for single courses
conducted in single rooms.

3. Locations of perimeter walls are assumed to be
pPermanent,

4. Sizes of classes are assumed to be unchanging.

5. The possibility of making new equipment arrange-

ments is assumed not to exist.
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A8 long as courses and organizational systems do not
change, this type of standard, developed through the
8low~moving process of trial and error, adequately
will serve planners. When education and school
organization change, such standards become far re-

moved from the real needs of students and teachers,

Many educators feel that it is necessary to reo}-ggm

igze the educational process in order to teach students

concepts and skills that will be useful in a world

of fast-paced technological progress. A study of

current literature on educatio‘m' reveals the ch;ngg,i

which are occurring. Some 6f these are:

l, Combining subject material and’instructional
space for variable periods, of time,

2, Scheduling large, medium, and small groups
for the instruction of different phases of the
game course,

3, Creating changeable arrangements of equipment

to illustrate various aspects of technology,
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industry, or business.
4. Developing new courses or new combinations
of old courses that represent more accurately

aspects of modern technology and industry.

Educational processes are being changed and new
activity patterns are being created that are not
accounted for in existing standards. Plans for new
facilities require careful analysis of these com-
plex systems of activities. An analysis of
activities can help to determine the needs for
space, equipment, and environmental control

that are created in the duration of one course or a
cluster of courses. An accurate analysis of a
course is dependent on a detailed listing of condi-

tions that can be expected to occur. A partial list

" of potential variables follows:

1. Students complete tasks at different rates.

Various mixtures of students with individual

p—

2
One such rearrangement might include equipment

brought together from several vocational courses
and organized to teach production line theory.
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attributes can be expected to influence utiliza-
tion of equipment,

Every course has a Particular planned sequence
of activities requiring different quantities of
equipment,

Each activity might. be assigned 2 different pre-
dicted time of duration,

The instructor may or may not have the ability

to plan a good sequence of activities, The
instructor may take great liberties witﬁ a planned
sequence, once the course is in operation,

The cohrse may be in operation for a greater or
lesser amount of time, depending on such things
as school assemblies and testing periods.
Significant events Mmay occur in periods of minutes,
days, or weeks and must be related appropriately
to time measurements of other activities,
Equipment breaks down with differing degrees of
regularity and requires varying amounts of time

for repair,
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8. Attendance patterns differ for each student.
9. Class size may vary due to absence or com-

bination of classes for special activities.

An evaluation of the facility requirements created by
such complexities in activity pattefns would consume
an exorbitant amount of time, unless the technique

of computer simulation was used. FProbable reactions
of teachers and students to situations that occur :n the
duration of a course can be stored in the memory
banks of a computer and the effects of their response
on space and equipment utilization estimated. It is
the capacity to store many bits of information and to
manipulate them so that interrelationships are
revealed that makes the computer 2 useful tool for

analyzing such complex problems,

Although there is practically no limit to the number
of variables that can be manipulated in computer
simulation, each variable must be accurately

described, initially, or the compﬁter may be simu-

11
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lating unreal conditions. At this time, observation of
classes is being conducted to reveal significant vari-

ables and to determine the nature of each variable.

The researchers interviewed an instructor of an
office machines course in order to facilitate develop-~
ment of the model. The information, provided by

the intérviews, canndt be expected to represent reality
in as much detail as class observafion will, but did
provide a description of the course t'J.p'on which iﬁodel
building cou’id proceed. Although subsequent observa-
tién probably will create t'h‘e neéd to modi’fy the
original model, an illustration of this techniciue can
be provided in a simulation of the instructor's
description of the course. This illustration is‘

presented in the following section.




Description of A Simulated Course

A sample vocational course was developed and

experiments were conducted on this course in order

to clarify the problem and method used for its

MR TR R R

analysis. The course chosen was an office machines
course somewhat similar to the one taught at
Schenley High School in Pittsburgh. 3 This course

is planned to familiarize students with the fifteen

different office activities shown in Table 1. The

righthand column in Table 1 indicates the amount

of time, in weeks, that the instructor believes is
required for average students to gain familiarity

with the equipment.

A rotational sequence of this type commonly used
in office machines courses is shown in Figure 2.

During the length of the simulated class, students

3In developing this course, consultations were held ;
with Mr. T.J. Kirkpatrick at Schenley High School. ;
For a detailed description of the course, see "Tenta - 4
tive Course of Study for Office Machines, ''" Division
of Curriculum Development and Research, The Board
of Public Education, Pittsburgh, Pennsylvania, July, 1965.

13
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Table 1
Office Machines

Office Activities and Time Schedules 3

Unit No. No. of Narmie of Machine | Weeks |
Machines - ]
) s
1 4 Electric Typewriter 2 -
2 4 Transcriber ' 2
3 4 IBM Selectric - Key Punch Simulator 2
4 2 IBM Card Punch and Verifier 2
5 1 Ditto Duplicator --Spirit 1
{
6 1 Stencil Duplicator 1 .
7 2 Full Keyboard Adding Listing Machine 1
8 1 Statistical Typewriter 1
9 2 Friden Rotary Calculator 2
1 Marchant Rotary Calculator i
1 Monroe Rotary Calculator .
10 2 Burroughs 10-Key Multiplier 2 i
2 National 10-Key Adding Listing ]
1 Monroe Adding Listing
11 1 A.B. Dick Offset Duplicater 2
12 1 Teacher Helper 1
13 1 Olivetti Print Calculator 2  ©
' 1 Victor Print Calculator ]
i4 14 4 Comptometer --Key Driven 2

15 | Check Protector 1




Figure 2

Weék

1 2 3 4 5 6 7 8 9 1011 12131415 16 17 18 19 20 21 22 23 24

‘Student | o ,
s“,ensl 1,1 2233 4456789 910 1011115 *131314 14

1. 1 2 2 3 3 446 5879 910 10111115 %1313.14 14

2 2334456 7809910101 1115 *13131414 1 1

2 2.3.3 44 658 7 99101011 1115 *13131414 1 1

|3 34456789 910101115 *13131414 1 1 2 2

3 3 44 6587 9 91010111115 *13131414 1 1 2 2

4 456 7899101011115 %13 131414 1 1 2 23 3
14 4658799101011 15 %13 131414 1.1 2 2 3 3.
5 6 78 9 91010111115 *131314 14 1 1 2 2 3 3 4 4 |

2

3

4

5

6

i

8

9
“19_,_'-6.- ,5.8 7 99101011 15 * 13513'14 14 1.1 2 z,3v3v4"‘ 4
Al

7 8.9 9 101011 115 13131414 1 1 2 2 3 3 4 4 5 6 .

12 /8 79 9101011 1115 *13131414 1 1 2 2 3 3 4 4 6 5 |

1319 9 1010111115 *13131414 1 1 2 2 3 3 4 45 6 7 8

T e

14 {9 9101011 1115 *13131414 1 1 2 23 3 4 4 6 5 8 7

L 15|10 10m N 15 *x13131414 1 1 2 2 3 3 4 4 56 78 99

e e

16§10 1011 1115 *x13131414 1 1 2 2 3 3 4 4 6 5879 9

17 J1 115 *13131414 1 1 2 2 3 3 4 4.5 6 7 8 9-91010 I

| 18 |1 M 15 *13131414 1 1 2 2 3 '3 4 4 65 8 7 9 9io10 . |

. 'l9v15 * 13131414 1 1 2 2 3 3 4 4 5 678'9"9101.01111

2015 *13131414 1 1 2 2 3 3 4 46 5 8 7 9 9101011 11 

21 J13 131414 1 1 2 2 3 3 4 45 6 7 8.9 9101011 11 15 *

22113 131414 1 1 2 2 3 3 4 4 6 58 7 9 9101011 11 15 *

" 2341411 22334456789 910101 1115 %1313
. 24014 1411 22334465879 910101 1 15 %1313
5 * . *Available for teacher help. .~ .
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move from one equipment unit to another, according
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to-this sequence. The model logic4 for this office
machines course is based on the assumption that o
each student will be scheduled on the next machine ]
in his sequence wheziever he finishes work on the
previous machine. A student may returp to an
activity that he has not completed only if the
equipment necessary for the next activity in the
sequence is in use, the student has completed an
activity ahecad of time, or the student has free

time at the end of the course. The student can

skip ahead in the sequence only if the student

has completed all past activities, the equipment
necessary for makeup work is unavailable, the
equipment used in the next activity has broken down,
or the student has finished an assignment.early. .
The original sequence is realigned. constantly .

as student absences, machine breakdowns, and the

4

See '"Model Description' in Appendix.




learning speed of students have their effect on

activity patterns.

Many experimental simulations are still being run
and the results checked in the process of refining this
activities simulation model. As might be expected,
the most difficuit part of this task has been not in
creating the model, but in collecting data that accur-
ately represents the activities that go on in this class.
Conclusive experiments that will lead to the

creation of a useful planning tool must await

further data collection and experiments.

However, at this time it is possible to describe some
of the information that is generated during the
simulation and to demonstrate how this information
can be used to plan a suitable mix of equipment for

a particular sequence of activities. The best
number of equipment units for each of the fifteen ac-
tivities taught in this office machines laboratory is

sought in this experiment, given the conditions
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previously described, such as student absence and

machine breakdown.

The following five factors from the total computer
Out.lput‘ are charted in Figure 3, '""Laboratory Analysis, "
These were selected by the author to demonstrate

the value of simulaticn to the decision-making pro-
cess,

Upper Graph

1. Number of Machines ' o '
The number of machines of each type are indicated
in the appropriate columns. For easy identification,
these points are connected with a solid line. The
number of equipment unitls of each machine type | « ]
represents the total equipment mix to bf’ tested in

this experiment.

2. Mean Daily Requests

A point in each machine type column indicatgg the
number of students who required each machine on an
average day. These points are connected‘ with a dashed

line. Mean daily requests were derived from daily
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FIGURE 3 B
LABORATORY ANALYSIS -
‘By: Machine Mix
Mean Daily Requests ]
]
Completed Machine Days
Machine Efficiency ;
Unsatisfied Requests
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'operation a maximum number of days, if all students

requests recorded throughout the entire duratioﬁ
of the class,

Lower Graph

3. Percent of Days Completed on all Machines
The points indicating the percent of completion on
each mavchine type are connected with a solid line.

The equipment in each machine type will be in

are to complete the reciuired time on all machines;
therefore, the percent of days completed is an
indication of the success th;t studgnts met in com-
pleting the course.

4. Percent of Machine Efficiency

A point in each machine type column indicateé the
percent of total days in fhe. course that evach machijne
type was used by students. The points, connected
with a dashed line, indicate the extent to which
machines were used in the laboratory. This can
be contrasted with the percent of days that stu-

dents complete on all machines, since high machine
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use efficiency indicates that there may not be
enough units of a particular machine type and that

student time on the machine type has been sacri-

ficed.

5. ‘Unsatisifed Requests

. Points connected with'a dotted line indicate the num-

ber of unsatisfied requests that students have made
for a particular machine type. Unsatisfied requests
are another meas;n'e of whether or not there is a
sufficient number of machines available for student
use. Typically, any rise in unsatisfied requests
corresponds with an increase in machine efficiency
and a decrease in the percent of required days

that students complete on the machines.

This information can be used to identify a ''bottle-
neck' and analyze its effect on laboratory perfor-
mance. In this case, a "bottleneck'' is a point in-the
activity sequence where there is an.insufficient number
of machines to satisfy all requests. In the upper

g"i?‘;é’g;ph,‘ bottlenecks are shown where the mean daily

21




request line rises above the line representing num-

bers of available machines. This occurs for

machines types four, five, six, and eight. As seen

in the lower graph, the results of these ''bottlenecks"
are dramatic! The days completed on these machines
drops from above ninety percent to below eighty -; ‘
percent. As would be expected, percent of ,
machine efficiency and the number of unsatisfied

requests climb drastically for these same machine

types. j

If this analysis were being performed to plan a
machine mix for a real office machines laboratory,
the planner would know that at least one more unit
of equipment was needed in machine types four, five, ; ’
six, and eight. Also, there may be too many units

of equipment for machine types one through three, ‘ ,

and nine through fourteen, as indicated by the '

L extent to which the number of machines exceeds the 8
mean daily requests. Then, the planner could simu-

late the class, again, using the new machine mix

22
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‘Consisting of less equipment upits for .some machine
types.and ‘more equipment units for other types. He
could analyze similar graphs for the new machine

,mix to determine its s.u'itiabili,ty_.

By using such a tooi, the éducationallfacilitie,%v
planner would have useful information to help make
.decisions about when-new equipment should be
ordered, the effects/of change in a rotational
#equence and what changes would have to be made

in '-f%;}e laboratory to é’c«corr;modafe new organizational
pfoc;edures, such as team teaching. This could be

done without the necessity of expending money and

time for experimentation with live classes.
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Conclusions and Recommendations

The results of performing a limited set of experi-
ments demonstrate that the model would be useful

in evaluating alternative facility planning decisions

under a varying range of circumstan-.cs. It is

possible to evaluate alternative sequences, student
capacity of classrooms, the number and type of
machines required in different laboratories and

the effects of different teaching and administrative
techniques on space and equipment needs. Another
use could be coordinating the use of facilities for
several courses that require certain common facil-
ities, so as to minimize the total facility require-

ment for a school or school system.

The development of the model described in this re-
port can have a significant impact on the planning of
new courses and facilities. With the distinct possi-
bility of new large secondary schools in Pittsburgh

and a renewed emphasis on vocational education




nationally, analytic tools are essential in order to

aid the planning process.

Since the intent of this phase of the séudy was to

" develop the feasibility of an analytic method, it is

obvious that a great deal of work remains to be done
for this method to achieve its maximum benefit.
Some recommendations can be presented:

1. Further development of model.

At present, the model does not encompass all of the
variables that could cause variations in activity time.
Additional research and consultation with education
consultants is needed to improve the realism of the
model. Further development of output reports is
necessary so that the task of analyzing results is

easier. This would include plotting routines for

‘automatic graphing of results.

2. Data collection and model validation.
In order to test the validity and, consequently, the
usefulness of such a model, it will be necessary to

collect data on actual courses and compare model

25
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predictions with actual results. .Any significant .
variation will indicate areas where the model logic
needs improvement.

3. Extension of model.

U.ndoubtedly there are sé;\reral directions in which the
model can be extended. One is to develop a modei
that will examine more than one course of instruc-
tion at one time, thereby making it possible to
coordinate facility utilization for two or more courseé.
4, Development of a sequencing algorithm.

A sequencing algorithm, a computational formula
used to arrive at a solution to a problem, is

needed as part of the model so that efficient se-
quences can be developed quickly, given machine

and student configurations.

5. Technique to optimize facility requirements.
The model, presented in this report, does not develop
optimum facility requirements. Its purpose is to
predict the result of a range of alternative course

activity patterns. However, it should be possible.




either to apply some existing optimizing
techniques (i.e., linear programming or queueing
theory) or to develop :an optimizing technique that
would predict the best allocation of facilities. The
simulation model would be used then to test the
res. ..s of the optimizing mddel in order to deter-

mine how realistic the results were.

It will be necessary to assign values to student time

and machine time in order to develop optimizing

techniques. This will require a significant

amount of research and data collection.
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Model Description

This classroom simulation is an event-type model,
in which each event normally occurs once during
each school day. These events, which will be
discussed in greater detail in the following pages

are as follows:

Event No. 1 EABSNC Figure No. 4.
'Event No. 2 EAVAIL Figure No, 5
“Event No. 3 EDELAY Figure No. 6
Event No, 4 ESCHDL Figure No, 7
Event No., 5 EREPRT Figure No. 8
Event No. 6 EDLAY?2 Figure No. 9

A general flow diagram of the logical activities per-
formed within each of these events is exhibited at
the end of this outline in the figure notated to the

right of the event name,

The simulation is initiated by reading into computer
storage areas certain required data. This is done

in subroutine DATAIN shown in Figure No, 4. This

29




data may be real in nature (drawn from historical
classroom records), or it may be fabricated by
the planner in order to determine the relative
changes to the system brought about by certain

parameter changes. The required input to the

model is as follows (see Figure No. 12,

"GLOSSARY OF KEY VARIABLE NAMES'"):

e

1. Number of students in the class;

2. Number of different and distinct machine types;

3. Total number of machines, and the distribution
of these machines among the various distinct

§ types;

4, Total number of different and distinct sequences
to which a student may be assigned;

5. The actual sequences themselves, and the

f expected number of days required for an aver-

~ge student to gain average proficiency on each

machine type within the sequences;

6. The particular sequence to which each student

is assigned, and the student's starting point in the

30
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sequence;
7. Amount of time that faster or slower students
can deviate from predicted average time,
8. Delay parameters for each machine to be used
in the classroom, '
All other values illustrated in Figure No. 12 will
either be determined or calculated within the simu-

lation moa=zl, itself.

Following the completion of a simulated school year
a detailed summary (see Figure No, 11) of all
relevant data and statistics collected during the
school year is printed out by the computer. It

is from this summary that the planner can analyze

the effects of various parameter changes,

31
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Events

EABSBC--Event No. 1 ]

Jhis event essentially represents the taking of role -

in the classroom. Each of the machine requests for .

the current day is filed in a waiting list. The ab-
sences (if there are to be any) are then generated
randomly. The machine requests of all absent

students are then stored in a temporary waiting

list. The exact nature of each student absence is

-]

determined, and the informaticn is stored so that ]
it will be available for the daily report of student ]
status. The event then reschedules itself for the

next day. : -

EAVAIL--Event No. 2 |
This daily event examines all current machine delays
to determine if any current delays are to end prior to

the class period. For each delay which is to end, the

particular machine status is changed from ''delayed

for repair' to ''tentatively available.' The event

then’reschedules itself for the next day.

32
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EDELAY--Event ‘No. 3

This event makes a probabilistic determination of
which machines (if any) are to break down during
this day. For each machine which is to break ce ) !
down, the duration of the delay is then drawn frcim
a distribution of delay durations for the particular
machir‘ie. The status of the machine is changed
from "tentativelyi available'' to ''delayed for re-.
pair,'' and the t‘ime that the delay will end is stored
for latér pi'intout in the daily report of machine
status. The status of all machines which are not

delayed is now considered to be "available. " The

event then reschedules itself for the next day.

This event does not comprehend minor delays of

only a few minutes. As used here, the term,

"delay' means non-availability of a machine for

at least one day or longer. Also, it is assumed that
all breakdowns occvur at the beginning of a class
period, thus making the machine unavailable for the 1

entire period.

N d b o et RGBT TPV AMGTIR, TP TR g TR AT 4 e 't Y e b e



34

ESCHDL--Event No. 4

This event comprehends the‘ actual assignment of
machines to students during the class period. First,
each student's primary request is processed. If

the request can be satisfied, the student's status is
changed to '"'active,' and the machine's status is also
changed to "activef At thjs time, the student's
primary request for the next day is determip.ed and
filed. If the student has not yet completed work on
this type of machine, he'will request the same machine
type for the next day. If work has beeg completed

on the given machine type, the student will request

the next machine type in sequence. At this time,

all necessary bookkeeping regarding this student,
including his status and progress, is filed for sub-

sequent reporting.

After all primary requests have been processed,
unsatisfied requests, if any, are examined. The
first alternative is to provide the student with

makeup work on some machine type in his sequence
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on which he had previously worked, but had not
completed the required number of days. If this
alternative fails, either because the student had
completed all previous assignments, or because
the desired machines are not available, the nature
of his unsatisfied request is examined. If the
student is being held up by a machine delay, he

may go on to the next machine type in his sequence.

Finally, the status of all students who have completed
their sequences without having completed all work
within their sequences is examined. An attempt is
made to find makeup work for such students. If

no such makeup work is available, the student

must remain idle for the day.

The event is then rescheduled for the next day.

ERBEPRT--Event No. 5

This event produces the daily activity reports. The
status of each student (absent, present but idle,

present and active, present but idled by a machine
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delay) is reported. The status of each machine,

idle, active, or delayed, is reported. If the

machine is active, the student using it is reported,

If the machine is delayed, the day that the delay is to
end is reported. Finally, the total number of requests
for each machine type during this day is reported.

The logic goes on to perform certain initializations
required for the next day's activity, and then re-

schedules itself for the next day,

EDLAY2--Event No. 6 o : ]

This event is not self-scheduling, and it occurs only
as often as the simulator wishes it to occur. - It
provides the simulator with the ability to step in

and remove a particular machine from the classroom
at any point in the simulation, and keep it out of ser-

vice for any specified period of time.

SUMMARY

The final summary at the end of the simulation

provides a total recap of all the daily reports. 1In
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addition, it provides the simulator with other
pertinent data and statistics that will be valuable

in analyzing the final results.

Constraints

Presently, the simulation has certain constraints

built into it. Any of these may be changed; but,

at present, they are as follows:

l. There can be no more than five separate and
distinct machine sequences;

2. The maximum class size is thirty students;

3. The maximum number of machine types is
twenty;

4, The maximum number of machines is fifty.
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Figure 4
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Figure 5
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Figure 6
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Figure 7 \
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Figure 8
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Figure 10
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Figure 12

GLOSSARY OF KEY VARIABLE NAMES

A. One Word Variables:

NMACH - Total Number of Machines

VAL

NSEQ - Total Number of Sequences

NSTDNT - . Total Number of Students

NTYPE - Total Number of Distinct Machine Types

4

B. Double-Dimensioned Variables:

IREQ (30,20) - (30 Rows, 20 Columns) -
Frequency Distr ibution of
Number of Requests Per

Day By Machine Type “ 1
1 2 3 4 5 v Machine Types \,

7 ]
0 : »
1 ;
2 ]
3 '
Requests Per Day Occurrences of Exactly | ’:
n Requests Per Day F
L 4 (By Machine Type) !
i

JMACH (3, 20) - Machine Distribution Matrix

1 2 3 N Machine -
Total Machines Preceding Type b
This Type ]
Machines of This Type

Required Student Attributes .‘
(packed) - Max. of 4 Digits E
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(Figure 12 continued)

JREQ (2,20) - Daily Machine Type Request Matrix

| | 1 2 3 )Machine
Requests for This Machine Type

Type Today | .
Total Requests for This
Machine Type To Date

JSEQ (20, 5) - Expected Days Required for Each
. Machine Type Within a Given Sequence

1 2 3

— } -Sequence No,

l:
H
at 3

A 4
Machine Type Expected Days Required
for Each Machine Type

Within Each Sequence
JSEQ2 (20, 5) - Machine Sequence Matrix

1 2, 3  Sequence
Total Machine Types (Entries | rC\lIo,‘ —
in this Sequence)
First Machine Type In
This Sequence
Second Machine Type In )
This Sequence M
Third Machine Type In
This Sequence
Fourth Machine Type In
This Sequence

] nth Machine Type
| In this Sequence |
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(Figure 12 continued)

JSTDNT (7, 30) - Student Attribute Matrix

\%

Speed

Speed

Speed

Speed

Sequence No.

Starting Locationin: Sequence

Current Location in Sequence

Student Attributes are Rated:
1 - Very Fast
2 - Fast
3 -~ Average
4 - Slow
5 - Very Slow
Speed is drawn from a normal distribution

KMACH (4, 50) -~ Daily Machine Report Matrix

1 2 '3

Machine

Status

Student Using
"IMachine (if any)
bays Idle to
Date

Days Delayed
to Date

Machine Status: 0 - Idle
1 - Delayed
2 - Active

Student No.




(Figure 12 continued)

KREQ (20,130) - Log of Daily Machine Type

Requests
1 2 3 4 N

1 7 Day Number

2

3

4 .

Machine Typé | Requests for Each Machine
\

Type -\'By Day

KSEQ (20, 30) - Required Days for Each Machine
Type By Student, Based on
Individial Student Attributes

1 2 3 4 S Student Number
! ' .
2
3
4
Machin\f’Type 'Required Days
N

KSTDNT (3, 30) - Daily Student Report Matrix

1 2 3 4

Student
Status

Days Absent
to Date
Days Idle

to Date

Student Status: 0 - Present, But Idle. =3 - Present, and Active
| 1 - Absent, School Busi- 4 - Present, Idled by a
ness Machine Delay
2 - Absent, Illness, etc.




LSEQ (20, 30) - Actual Days Spent By Each
Student On Each Machine Type

1 2 3 4 - v Student Nuvmberl
1 7
2
3
Machine Type Days Worked on Each Machme

N\
Type By Student
N

MSEQ (20, 30) - Anticipated Day When Each
Student Should Begin Work On -
Each Machine Type in his

Sequence
1 2 3 4 N
1] 4
2
3 f i

b4 ’
SREQ (60, 20) - Tirg‘e a Machine Request was
First Initiated vs. Time First 0
Satisfied By Student, By Machine

Type
-‘ Srtude.nt 1 {1 Time Request Initiated Machine \
2 Time Request Satisfied | Type
e
stwdent 3 § e fedues el

2x Students

50




STATUS (3,50) - Machine Delay Status Matrix

1 2 3 4
tDay No. When Machine Will Tt Machine
Next Be Available Number
Prohability Machine Will -
Suffer A Delay On Any Given Day
Distribution Number for Drawing
’gelaLDuration For This Machine
£ 51 |
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Preview of Unit Four, Schematic Modernization

All educational facilities are expected to provide en-
vironments which satisfy the specific needs of the
kmany activities that occur in modern school buildings.
Each environment that adeguately serves a distinct
activity may be described in terms of space, light,
condition of the air, noise level, and mechanical
services to the equipment used for that activity. It
is only recently, however, that educators have
begun to ask that facilities also provide flexibility.
In other words, any environment that serves a par- -
ticular activity must be capable of being changed
quickly and inexpensively to accommodate the needs

of another activity,

Naturally, educators expect to have a high quality
yet flexible environment in any new school building.
They are also beginning to evaluate existing school

buildings in terms of the quality and flexibility of

their spaces. However, because it often is expe-




A GRS & > ' el T

dient to occupy space in non-educational structures
for short or long periods of time, the question of
whether a suitable educational environrent can be
created in warehouses, office buildings, movie
theaters, and so forth, is now being asked. This
report suggests that a mechanical service system,
designed specifically around the needs of educational
activities, can be installed with relative ease in

new schools, existing schools, and non-educational

buildings that are temporarily used for schools,

The central theory of this concept suggests that an
educational environment is more dependent on a
mechanical service system and related furniture
and equipment than it is on a building's structural
system. The theory further suggests that the
components of what might be called an "environ-
mental system'' should be separated from basic
structure and be left accessible for future change.
If this were done, a high quality environment with

a capability for flexibility and portability could be

Provided in many kinds of buildings,
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Such a system could be installed in new schools

to provide future flexibility. Also, it could be
installed temporarily in a non-educational building
to provide a high quality environment ‘which could
be moved and reinstalled in another building with
relative ease. It might have its most important
application, however, in the modernization of an
existing school building that is considered to be
inflexible and out of date. Therefore, the environ-
mental system described in this report should pro-
vide not only a high quality environment serving
all needs of educational activities, and the flexi-
bility necessary for future change, but also the
independence from any one structural system to
enable installation into the different buildings that

may be used for education.




The Modern Educational Facility: High Quality
Environment with Flexibility

Any educational activity, whether it be planing wood

cabinet parts or reading poetry, should be facili-
tated by an appropriate environment. An environ-
ment which is suitable for one activity is different,
in many ways, from an environment which is suitable

for another activity, Some of the changing environ-

mental elements are space, light, condition of the
air, noise level, and services to equipment. The 'A
wood planing activity requires more space and
greater circulation of air than does the poetry
reading activity. The noise of the wood planer ' ¥ | ]
should be contained near the planer and away from

the reading area. There are no equipment services
required for reading, while the planer needs power

and exhaust services, The ideal facility, then, has

the capability to create an environment suitable for

S

each activity that may occur within its area.




Fewer and fewer activities remain stable and
unchanging over long periods of time. Large,
medium, and small group instruction requires
.that spaces be changed, sometimes instantan-
eousgly. In a short period of time, a class can
move from formal presentation through laboratory
activity to informal discussion, thus requiring

- different light levels, air conditioning, and acoustics.
The advent of activities such as televised lectures.
and tape recorded language lessons require new
services to a wide range of new equipment. From
these few representative examples, it can be seen
that facilities must provide not only a high quality
environment but also a high degree of flexibility.
This flexibility is required in.terms of space,
mechanical services, furniture, and equipment.
In other words, total environmental flexibility is

required.
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Flexible Environment: Independence from the
Limitations of a Structural Frame

Another problem further complicates the demands
made for good educational facilities. Unlike re-
quirements for high quality environment and
flexibility, which grow out of educational theory,

this problem simply is born of necessity. A new
school is an expensive structure. Hence, a school
system often operates in a conglomeration of
different buildings. There may be a few new schools,
a large number of aging schools, and a few buildings
in the community that are being used temporarily for
schools. The addition of a new structure to a school
system's inventory of buildings ofter necessitates
the moving of certain activities and their facilities .
from one building to another. Ideally, every facility
should provide a high quality, flexible environment
no matter whether it is housed in an old, new, or
temporary school building. The problem lies in

providing such facilities in the many different types

of building used for education.




It is a suggestion of this study that those elements
of a building which directly create an environment
be considered as independent of those elements
which seem to have less to do with environment. In
other words, mechanical equipment and services,
non-bearing partitions, furniture, and instructional
equipment, which are all subject to change, should

be freed of the limitations of structural systems

which are not easily changed. Considering the

history of buildings, this is an unusual approach to

take.

Two functions of any building are to provide shelter
and environment. Man's first huts provided shelter
from wind, rain, and snow. Later, increased
sophistication of man's activities required that
spaces within shelters provide suitable environments
for those activities. Living rooms needed light and

warmth., Kitchens rn:eded sources of heat and water

for cooking. The laboratory of today requires a-

vastly more complex array of services including

R e o T S ¢ YT T R T T TP PR g ey WIS




compressed air, vacuum lines, gas, and so forth.
To generalize, it can be said that the structural
frame performs the sheltering function while mech-
anical equipment, interior partitions, and furni-

ture perform the environmental function.

Most buildings have performed these functions with
one inseparable shelter and environmental system.
For example, hot air was circulated through the
cellular floors, or hypocausts, of Roman baths,
Many older school buildings have "breathing walls"
which circulate air and also serve to divide class -
rooms from corridors. Even new school buildings
are served by air, water, and electric power lines
fixed in concrete floors, concrete block walls, or
plenum spaces above plaster ceilings., Schools
that are built in this manner offer many obstacles
to future change. This example was given by the

Director of Facilities for the Pittsburgh Board of

Public Education:
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. old, warm air heating systems with
their large ducts and breather walls seriously
hamper the freedom needed to design altera-
tion work to comply with new educational

philosophies. 1

A number of factors point to the separation of a
building's shelter and environmental systems. One
factor that necessitates separation can be found
again in the words of Pittsburgh's Director of
Facilities:
Imbalance as to durability of the various
. building compcnents means that the building
itself may be built to last seventy-five
years, but its mechanical and electrical
systems have a life of but twenty-five to

. thirty-five years. This necessitates the

1Thompson, J. H., "Educators on School Design, "
A Survey of Professional Opinion, Producers'

Council, Inc.




difficult replacement of integral systems

several times over the life of the building. 2

A factor which enables the development of independent
environmental systems comes from mankind's in-
creasing reliance on environmental technology. For-
merly, light was supplied through windows or sky-
lights which were dependent for their location on the
structural frame. Today, the exact needs for dif-
ferent lighting levels in schools are more easily
satisfied by electrical lighting systems which are

not so dependent on structural systems. I§ is safe ,
to say that improvements in environmental technol-

ogy will produce many new systems for providing light,
power, and so forth. These improvements may
happen faster than school systems will want to demol-

ish their existing buildings,

The combination of these two factors, along with the

growing need for flexibility in educational facilities '5

21bid
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and the increased changing of the functions of school
buildings, seems to support the suggestions contained
in this study for an independent, flexible, and portable
environmental system. A detailed description of

the mechanics of such a system is presented in

Unit Two of this report. The purpose of this book

is to illustrate how the installation of a flexible

environmental system might improve different

buildings.
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Applications of an Environmental System

The environmental system, described in Ugit:Two,

Flexibility Through Modularity, performs these

three basic functions: mechanical service, equip-
-ment service, and space division. Mechanical
services include air conditioning, water, lighting,
and sound control. Equipment services include
electrical power, compressed air, gas, and exhaust.
Space division is accomplished with a multi-direc-
tional switching system of operable partitions., Con-
ceivably, the system could well include furniture

and instructional equipment.

The services of the system would be distributed from
floors or ceilings, as was most efficient. All ele-
ments of the system would be ''snapped' into place
with special connectors for floors or ceilings.
Similarly, connections in service lines would. be

made with ""'snap-on, ' '"plug-in;' or threaded coup-
lings. Each-element would be sufficiently independent

to provide for replacement or modification.

12
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Installation of the system into new construction : .l‘_
would not differ greatly frdm standard methods.
Also, it would not make a great deal .of difference
whether the structural frame were steel or concrete.
The system itself could be installed in pieces or in
pre-assembled modules. If there were trade juris-
dictional problems in the area in which the buildings
were to be constructed, the elements of each com-
ponent of the system could be shipped to the appro-
priate sub-contractor who would make the installa- ‘ «
tion. However, if there were no jurisdictional
problems, complete modules could be assembled
in factories and shipped to the job site, ready for
installation. The latter method could save money

b 7

in reducing field work.

Existing buildings would have to be prepared in order to

accept the system. Non-bearing partitions and outdated

mechanical systems would be removed in portions of

buildings to be modernized. In many buildings this ;A

would be a necessary operation since the inflexibility

13
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-of existing spaces is not appropriate for modern educa-

tional practices. In addition, mechanical systems have

begun to deteriorate by the time most buildings are
scheduled for modernization. When this ''gutting'' pro-
cess was completed, the building or a portion of it
would be an anonymous shell, ready for the installa-
tion of the educational environmental system. From
that point, the process would be similar to the one

described for new construction.

To further illustrate the application of this environmental

system, a set of schematic drawings have been pre-
pared which show the system installed in an existing
school building in Pittsburgh. An existing Pittsburgh
school was selected for illustrative purposes because
accurate working drawings were available from the
Facilities Department. However, the selection of this
particular school does not reflect, in any way, the

current plans of the Pittsburgh Board of Education.

The school itself was chosen because its present and

predicted enrollments are representative of the general

14




problem faced by many existing schools. At present
there are 1, 923 students attending classes daily in

this building. Its rated capacity is 1, 500 students,

This means that the occupancy at present is 128, 2

‘percent of the rated capacity. The present enroll-

ment consists of both high school and junior high
] school students; however, in the future, this school
is scheduled to become entirely a middle school.

As a middle school, its enrollment is not planned

to exceed 1,200 to 1, 500 with students in grades six,

> seven, and eight.

Also, this building was chosen because it resembles

e T AR TR TERL TTAT, T T AR TR A TR T e e

many existing Pittsburgh school buildings in its
physical problems. Because it is both a junior and
senior high school, this school houses exploratory

- vocational programs for younger students and job-

; centered programs for older students. These pro-
grams are housed in the '""egg-crate' classrooms which
typify school buildings of this type. An examination

of the "Existing Second Floor Plan' will reveal many

.15
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non-bearing masonry walls which cut up the space

of this building into many small, inflexible class-
rooms. Home Economics and Business Education
programs are located in such spaces and scattered
throughout the building. The trade and industrial

shops are located in the basement, across the hall
from the cafeteria. Materials and equipment can be
brought into the shops only from a small service apron,
up a flight of stairs, and down a long corridor. The
servwice apron and its approach are insufficient for

any large truck,

Any effort at modernization which would improve
these situations must be tempered by the fact that
the school will soon be converted to house only
middle school programs. This means that all of
the senior high school, job-centered vocational
programs which are presently located in this
building will soon be moved to a new structure.
Although modernization must provide a high quality

environment which meets the needs of all activities.

17
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it must not provide an environment which is not

easily convertible to middle school programs.

For this same reason, there must not be a heavy

investment in more space. Additional space which

would make the building more usable for the present
1,923 middle and high school students would be

| unnecessary for the planned 1,200 to 1, 500 middle
school students when the building is converted.

Therefore, the additional space proposed in this study

does not increase the total space of the building over
100, 000 square feet. The space that has been added
is intended for Technical ard Industrial programs

that need higher ceilings than are provided anywhere

in the existing building. (See Site Development Plan)

It is entirely possible that even with this additional
space, the school building will not house adequately
its present middle and high school enrollment. If
this were so, a satellite facility could be either

purchased or rented. The environmental system

B o
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presented in this study would be equally applicable

to such a temporary satellite facility.

A survey of the building's architectural drawings re-
vealed that floor to ceiling keights were sufficient for
installation of the system. It was also seen that with
few exceptions all partitions were non-bearing and,
therefore, removable. Altaough no survey of the
condition of mechanical services was done, it was
assumed, for the purposes of this study, that a new
mechanical system could feasibly replace the old.
The location of the environmental system elements
is shown by the dotted lines on the '"Building Section'
drawing. The section drawing also indicates that the
main distribution lines of the system could be housed
in the floors and ceilings of an exterior corridor

added to the building. The exterior corridor would

allow for larger class areas within the building.
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First Application

These modifications of the building would allow for

a number of different space arrangements, The

first of these is presented in the following four
drawings. A space system, very similar to the one
that had previdusly existed, was developed. In

other words, central circulation was retained between
the double row of columns and class areas were
divided into small rooms. It would then be pcossible
to conduct classes in much the same manner as they
are now; however, since operable partitions were

used, the spaces could.be combined at will.
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Second Application

In the second arrangement, a much more open system
of space was designed. It shculd be noted at this
point that the one limitation of this school building,
which prevents it from providing the total flexibility
of new construction, is the physical presence of a double
row of columns in the center of the space. These
columns were of architectural concern since they

did not relate to the exterior piers. Therefore,

a division of space was sought which utilized the
strongly defined areas where the former corridor

had been. In a sense, the space was turned inside
out. Storage areas, small discussion rooms,
teachers' offices, and so forth, were provided as
special islands in a sea of otherwise open space.
Circulation, in this case, was located within a

newly constructed exterior corridor.
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Third Application

In the third scheme, a space system was attempted
‘which was not so obvious in its recognition of the in-
terior columns. Operable partitions were arranged
in long intersecting planes to provide for visual de-
finition of space only. Activity areas flowed around
these partitions. With this kind of partition arrange-
ment, spaces were rather amorphous and tended to

interlock, There began to be an integration between

the various class activities. As in the second arrange-
ment, circulation was provided through exterior

corridors ringing the court,

32
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Fourth Application

The final scheme shows a completely open space,
In this type of space, activity definition can be
achieved through the particular sets of equipment
which have been pulled together temporarily for
various student projects. In other words, defini-
tion no longer need be by class area. Student
projects can spring up anywhere. Because this
space is totally open, circulation can be considered
to filter through the different activity areas; there-
fore, there may be no need to provide exter“ior or

interior space specifically limited to corridor use.

37
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are suppiied through standardized elements which

Advantages of an Environmental System

The environmental system that has been discussed and
illustrated can provide a number of advantagesto

school systems such as Pittsburgh's. A high quality

environment, which can satisfy the specific needs
associated with any activity and yet not limit that

activity as it changes or as it relates to any other

activity, can be provided in most buildings that are
available for educational use., Therefore, the
system meets many of the reguirements of educa-

tion in a world of change.

The system provides every service required by
,ed‘ucational‘ activities today. These services can be
supplied to the exact location of each activity and in
the proper balance that best meets environmental

needs associated with that activity, The services

can be produced in great quantity. Since the

system utilizes mass production, every dollar




,,,,,,,,,

spent for facilities brings a greater return in the

quality of the system's components.

Each component of the system is _independent of any
other component and independent of the structural
frame in which the system is placed. The epviron-
ment is flexibie because it can be moé‘ified almost
at will, Also, it is possible to replace worn out or
out-of-dgte co'mpon.en‘ts with a minirmum of effo;t.
This means th;t the system can be modified contin-

ually to take advantage of progress in environ-

mental technology.

Bécause the system is independent of any structural
frame, it can be installed in many different types

bf buildings. This means that both existing school
buildings and buildings that are used temporarily
for schools can Be provided partially or totally with
an environment that is nearer to the ideal that can
be provided in a new school building. Independence

of the environmental system from the structural

43




frame also means that the system has a certain degree

of portability.

This system provides a changeable environment for
educators who must equip today's students with use-
ful skills and knowledge for tomorrow's world. The
word '"change'' probably characterizes the present

age better than any other word. Knowledge about

the world changes; skills that are necessary for /
gainful employment change; and subjects that are

taught in schools change. It follows that educa-

tional facilities must be dynamic if educators are

not to be hampered in their efforts to keep up with

an evolving world.
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Preview to Unit Five, A School Planner's Guide to the Pittsburgh
Building Code

Recommendations have been made in this study for vocational
facilities that are open and flexible. Proposals for such space

in vocational laboratories cannot be made without regard for

restrictions set forth in local or national building codes. It is

ST AR B

the pu‘rplose of this unit to report on a preliminary investiga-

tion of the Pittsburgh Building Code that was conducted in order

Rt IR it i

to find ‘pAotential conflicts between the recommendations of this
: study and the requirements of the Code. Although a study of
} the Code has to be specific to Pittsburgh, it may still be of
interest to educators outside this area. In many ways, the

Pittsburgh Building Code is similar to such nationally used

Codes as the National Building Code, as recommended by the

National Board of Fire Underwriters, and the Department of

Labor and Industry's, Building Regulations for Protection from

Fire and Panic.

? In other units of this report, it is proposed that many voca-
tional laboratories can be built without permanent walls, There

are a number of limitations that most Codes place on the extent

i sl uN‘WW o g 5t i b



to which space in a school can be open and flexible. Among
these limitations are: areas housing large amounts of com-
bustible materials must be separated from other spaces with
a minimum of two-hour fireproof construction; hazardous
machinery must be isolated in some approved manner
from students engaged in non-hazardous activities; there
must be a sufficient number of visible exits from any area
housing school students; and occasionally, there are limits
to the size of open classroom space. These potential
conflicts were discussed in Preliminary interviews with

officials of the Bureau of Building Inspection in Pittsburgh.

In general, it was found that there were no basic con-
flicts between the recommendations set forth in this

study and requirements of the Pittsburgh Building Code.

Large quantities of combustible materials can be stored

in isolated warehouse areas to reduce the danger of fire
in vocational laboratories. Hazardous activities and
machinery can be separated from non-hazardous activities

with wire-glass partitions. Since it is possible to assemble

large groups of students in open laboratory space, careful




attention must be paid to exit requirements of the Code and
exits be provided on the basis of exit requirements for large
assembly areas. Finally, it was found that although
building codes in cities such as New York and Chicago limit
the size of open classroom space, no such limitations

appear in the Pittsburgh Building Code. On the basis of

these preliminary interviews, it is possible to say that the
proposals set forth in this study do not in any serious way

conflict with the requirements of the Code.

This discussion cannot be regarded as the final state-

ment about recommendations of this project and Code require-
ments. The officials of the Bureau of Building Inspection
cannot be expected to commit themselves on the basis of
preliminary discussions. Only as architectural and en-
gineering drawings are prepared for specific projects can

officials be called upon to deliver their final judgements.

Since plans for new facilities are still being formulated,
it is believed that it would be useful to present the sections

of the Pittsburgh Building Code that relatg to school




construction in a way that would emphasize the more pertinent

requirements to school administrators and Planners. This will

Provide educators with the Oopportunity to read and understand

the Code quickly and to relate its requirements to new facility

concepts as they are developed,

It should be emphasized from the beginning that the following

material forms a guide to the Pittsburgh Building Code and

in no way can be used in lieu of the Code. Because of its

general application, this guide does not attempt to be respon-

sible for every consiruction detail that appears in the Code.

Although the order of topics has been set by their importance

| to school planning and does not follow the original order,

section numbers have been retained for easy reference back

to the Code.
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DEPARTMENT OF PUBLIC SAFETY
BUREAL OF BUILDING INBPECTION

orrice OF THE -uufmnunlm ' iﬂ 4 nnsg lh an la
May ll; 1966

Mr. Don Carter

Pittsburgh Board of Education
% OQVQTQ Center

635 Ridge Avenue
Pittsburgh, Pa. 15212

Dear Mr. Carter:

We have reviewed your assembly of data in the Pittsburgh
Building Code, entitled "A School Planners Guide to the Pittsburgh
Building Code'.

It appears to have assembled the data necessary regarding
schools and eliminate the necessity of search;ng through our Code to
locate the data needed. .

We have not proof read the various sections and would ad-
vise that when construction plans are made reference should be made
from the Guide to the Code.

However;lfor the purposes of planning, this appears to be |
. an excellent document.

Very truly yours, . e

(//?4/149( ,Aé::z{nr/// 5
- J./CLYDE TﬁYLoa, ;. . |
//Superlntendent //

TS $ 20020 R

JCT/s. | 4' | ;

3T N A P TN b S e R S I R S AR T I T R v i TR eyt rst e rive, wereag AR 5 S 1 Lt b4



AR A

| Table 5-A-Occupancy
Separations !
| |
i }
, 5

e e e s W P S g+ we i

- ERiC -




TABLE 3-A

REQUIRED OCCUPANCY SEPARATIONS IN BUILDINGS

LEGEND: 1—1.Hour Occupancy Separation.

2—2.Hour Occupancy Separation. |

4—4-Hour Occupancy Separation.
0%%1:?;?“ A-2 A3A4 A5 A6 B C1C2D.1 D2D3D3aD4 E F G
Al Assembly2 2 2 2 2 2 2 2 4 4 2 2 2 2 4
A.2 Assembly 2 2 2 2 2 2 2 4 4 2 2 2 2 4
A-3 Assembly 2°'2 2 2 2 2 4 4 2 2 2 2 4
A-4 Assembly 2 2 2 2 2 4 4 2 2 2 2 4
A-S Assembly 2 2 2 2 4 4 2 2 2 2 4
A-6 Assembly 2 2 2 4 4 2 2 2 2 4
B School 2 2 4 4 2 2 2 2 4

D Commercial, Industrial and Office

D-1 (Extra Hazardous) 4 4 4 4 4 4
D-2 (Hazardous) 4 4 4 4 4
D-3 (Light Hazard) » 2 2 2 4
D-3A (Sub-Light Hazard) ‘ 1 4
‘ D-4 (Non:Hazardous) . 1 4

*Every room containing a central heating plant shall be separated from the
remainder of the building by a “2-hour occupancy separation” as defined in
Sec. 508. '

NOTES

1. Not more than two (2) openings, protected by self-closing, Underwriters’
“A” Label, or 3-hour fire-resistive doors, kept normally closed, permissible
between public storage garages and Occupancies of Groups “A”, *B”, *C”
and “D-4”. No single opening shall exceed (wenty-one (21) square feet in
area,

z 2. Fire-resistive vestibules with a least dimension of eight (8) feet, and of not
less than 4-hour fire-resistive construction, and with all openings protected
on both sides of the wall with an Underwriters’ “B” Label, or a 1%4-hour
fire.resistive automatic or self-closing door, will be permitted.
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' OCCUPANCY CLASSIFICATION

Sec. 501. (b) Every building whether existing or hereafter

erected shall be classified by the Superintendent according

“to its use or the character of the occupancy as one of the Occu.

pancy Groups “A” to “G”, inclusive, as defined in Chapters
. 6 to 12, inclusive, respectively, and as follows:

OCCUPANCY CLASSIFICATION

A. ASSEMBLY—Primary and intended use for assembly of
persoris for the purpose of amusement, entertainment,
education, instruction, worship, transportation, recreation,
sports, dining or similar purposes, with admission either
public or. restricted. :

A-1 Capacity 1,001 or more.

A-2 Capacity 751-1000.

A-3 Capacity 501.750.

A-4 Capacity 251.500.

A-5 Capacity  76-250.

A.6 Capacity 75 or less.

(A room having a capacity of not more than 75 persons
shall not be construed as being within an *A” Occupancy
Classification if the assembly of persons therein is inci-
dental or accessory to another occupancy classification.)

B. SCHOOL—Primary and intended use for instruction,
recreation and education.

D. COMMERCIAL, INDUSTRIAL AND OFFICE

D-1. EXTRA HAZARDOUS—Occupancy involving the
handling, manufacture, processing or use of highly
flammable, explosive or unstable materials.

D-2,. HAZARDOUS—Occupancy involving the han.
dling, processing, manufacture, use or storage of
flammable or explosive materials.

D-3. LIGHT HAZARD—Occupancy involving Class 1
garages or the handling, processing, manufacturing,

, use of storage of combustible but not highly flammat-le

; or explosive materials. .

D-3A. SUB-.LIGHT HAZARD — Occupancy of Class 2
garages |

D-4. NON-HAZARDOUS—AIl other occupancies un-
der this section involving lcsser hazards than those
stated under “D-1”, *D.2” and “D-3".

F. ACCESSORY, INCIDENTAL OR MISCELLANEOUS
OCCUPANCY—Accessory occupancy in connection with
any of the other defined occupancies, but housed in a
separate structure not exceeding the ground area of the
building of. primary use, and incidental and miscellaneous
occupancy in connection with the use of land.

G. WORKING STAGES—In connection with Group “A”
Occupancy. (Special Requirements.)

B AT <19 e AN S PITIN Ty T e
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Occupancy Sec. 506. When portions of a building or structure contain-
f Separations ing more than one classification of occupancy have each classi-
fication of occupancy separated from all other classifications
i by unpierced occupancy separations, as shown in Table 5.A,
each portion thus separated shall be considered as a separate
building or structure, and limitations given for separate build-
ings shall govern. Buildings and structures not so separated
shall be deemed as containing joint or mixed occupancy and
governed by the most restrictive of the various limitations

of the occupancies.

Kinds of Sec. 507. Occupancy separations shall be vertical, horizontal,
Occupancy or both, or where necessary, of such other form as may be
Separatiens - deemed necessary by the Superintendent to afford complete

‘'separation between the various occupancy areas in the build-
ing or structure.

Types of Sec. 508. Occupancy Separations shall be classified as *4-

Occupancy hour”, *2.hour” and *1-hour”, defined as follows:
Separations (1) A “4-HOUR?” occupancy separation shall be of not

less than 4-hour fire-resistive construction, and all mate-
terials of such construction shall be incombustible. 4.
hour separations shall have no openings therein except

where noted as allowable in the footnotes for Table
5-A.

(2) A “2.HOUR” occupancy separation shall be of not
less than 2-hour fire-resistive construction and all mate-
rials of such construction shall be incombustible. All
openings in walls forming 2.hour separations shall be
protected on one side of the wall by Underwriters’
“B” Label, or 1V5-hour fire-resistive doors. Such doors
shall be self.closing doors kept normally closed, or
automatic fire doors.

The total width of all openings in any one story of a
2-hour separation wall shall not exceed 20 per cent of
the length of the wall and no single opening shall have
an area greater than 100 square feet.

All openings in floors forming a part of a 2-hour sep~ra-
tion shall be protected by vertical enclosures extending
above and below such opening. Walls of such enclosures
shall be of not less than 2-hour fire-resistive construc-
tion, and all openings in such walls shall be protected
on one side thereof by Underwriters’ “B” Label, or -
1Y2 hour fire-resistive doors, self-closing and kept nor-
mally closed, or automatic fire doors.

(3) A "“1-HOUR?” occupancy separation shall be of not
less than 1-hour fire-resistive construction. All open-
_ings in such 1-hour separations shall be protected by
- self-closing, Underwriters’ “C” Label, or equivalent
fire-resistive doors kept normally closed, or automatic

fire doors.
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| ‘ TABLE 5.B
[ HEIGHT AND STRUCTURAL LIMITATIONS FOR THE VARIOUS TYPES OF OCCUPANCY

(Maximum Total Number of Stories for a Building in Which Any Occupancy Is Permitted)
I CONSTRUCTION TYPES

[ ~ OCCUPANCY CLASSIFICATION TYPE 1 TYPE II TYPE 111 TYPE 1V =
Chap- Fireproof Fire-Resistive Protected or Incom- :
ter Heavy Timber  bustible Lo N
CHAPTER 15 CHAPTER 16 CHAP. 17 CHAP. 18 : 1
6 GROUP A.1 ASSEMBLY No Limit No Limit 1 Story Not Allowed ]
t ' GROUP A.2 ASSEMBLY , No Limit No Limit 2 Stories**  Not Allowed I
GROUP A.3 ASSEMBLY No Limit No Limit 2 Stories** 1 Story ]
GROUP A.4 ASSEMBLY No Limit No Limit 2 Stories** 1 Story 4
GROUP A-5 ASSEMBLY No Limit No Limit 2 Stories** 1 Story 3
GROUP A-6 ASSEMBLY No Limit No Limit 3 Stories 3 Stories 1
7 GROUP B SCHOOL No Limit No Limit 2 Stories 2 Stories
"9 GROUP D COMMERCIAL, 1
’ INDUSTRIAL AND
OFFICE : 4
' GROUP D-1 (Extra Hazardous) (See Sec. 902(a) (See Sec. 902(a) Not Allowed Not Allowed
GROUP D-2 (Hazardous) 5 Stories (See 3 Stories (See  Not Allowed Not Allowed :
, Sec. 902(b) Sec. 902(b) : ' Y
’ GROUP D-3 (Light Hazard) No Limit S Stories 3 Stories(9) 1 Story *#% 4
| GROUP D-3z (Sub-Light Hazard) ~ No Limit No Limit 5 Levelsabove 5 Levels above
grade™* grade (10)
GROUP D4 (Non.Hazardous) No Limit No Limit 5 Stories 3 Stories

NOTES TO TABLE 5-B

! l. Whenever height limitations of the Zoning Ordinance i
| are more restrictive than the limitations set forth in the above /
| ' table, the more restrictive limitations shall govern.

4. In Occupancy Groups "A'", each balcony shall be con-
sidered as one story.

Occupancy Sec. 506. When portions of a building or structure contain- -
| Separations ing more than one classification of occupancy have each classi-
‘ fication of occupancy separated from all other classifications
‘ by unpierced occupancy separations, as shown in Table 5.A, -
each portion thus separated shall be considered as a separate R
| building or structure, and limitations given for separate build-
ings shall govern. Buildings and structures not so separated
shall be deemed as containing joint or mixed occupancy and
governed by the most restrictive of the virious limitations
, of the occupancies.

Note: | A : 3

Classrooms shall be considered Group B occupancy

, and vocational shops will be considered Type D-3 |
| occupancy, |

10




Table 28-B~Occupancy by
. Square Feet Per
Person
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, TABLE 28-B
MAXIMUM NUMBER OF OCCUPANTS BASED ON THE
NET FLOOR AREA

TYPE OF OCCUPANCY Square Feet
Per Pecson
Theaters, sports arenas and similar places of amusement ... ... .. .. 6
Dance halls, lodge halls, lecture rooms and similar occupancies . . . . .. 7
'Main exercise rooms of gymnasiums ..., ... ..., 15
Bowling Alleys (exclusive of the area occupied by the alleys) .. .... 10
Dining areas . ............... ... ... 12
Vocational shops and similar occupanciesin schools . . ... ... .. .. ... 100
Court rooms and other public rooms in public buildings (exclusive of
SeatiNG) .. .. ... e . 40
Offices up to 400 square feetinarea .. ... ... .................. 100
Offices more than 400 square feetinarea . ..... . ............ ...... 60
Drafting or engineering rooms ... ...... ... ... ... . e 60
Class rooms . ... ... ... . ... .. 20
Laboratories ......... ... . ... .. .. ... .. .. ... ... . 100
Libraries and reading rooms .. .. ........ ... ... .. ... ... .. ... ... 30
Standing room areas for any class of occupancy .. .............. ... 3
Factories for light manufacturing, Occupancy Classification D-2, D-3, ~
D4 80 1
Factories for heavy manufacturing, garages, except Class 2 garages, ware- ’ ]
houses, etc., and first floor of Class 2 garages. . ... ............ . 300 ;
Power houses, boiler rooms, etc. .. ............ ... .. . .. .. .. . 500
NOTES

1. Theaters, churches and other assembly rooms having fixed seats shall be
computed upon the actual number of seats plus all standing room arcas, or _ |
areas which could be used as standing room under the provisions of this | :
Code.

2. Churches and other assembly rooms having pews or benches shall be com- ' ‘
puted on the basis of eighteen (18) inches of pew or bench per person.

| 3. “Net floor area” shall be taken to mean all usable floor, including all areas
occupied by equipment or furnishings, but not including corridors, toilet
rooms and such other accessory rooms as may be provided. '
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TABLE 28-A

A

MAXIMUM NUMBER OF OCCUPANTS PERMITTED tFOR
EACH UNIT WIDTH OF EXITWAY *

Values skown are for doorways and stairs. Required units of width may be
decreased: 20% for corridors and ramps up to 10% slope; 10% for ramps
having 10% to 16-2/3% slope. . ,

OCCUPANCY CONSTRUCTION TYPES Type ‘Maximum

CLASS . Type Type Type Type Type Type of Distanceto
I Il 1] v V VI Stairs Exitway
A-1 Theater 62 62 A 100 fe.
: Non-Theater 67 67 A 100 ft.
A-2 Theater 57 57 A 100 ft.
Non-Theater 67 57 50 - A 100 ft.
A-3 Theater 50, S0 50 A 100 ft.
Non-Theater 60 60 50 50 A . 100 ft.

A-4 Theater . 40 40 40 A 100 ft.
Non-Theater 50 50 40 40 40 A 100 ft.
A-5 Tkecater 40 40 33 A. 100 fe.
Non-Theater 50 50 33 33 33 33 A 100 ft.
B First Floor 80 80 70 70 60 50 A 100 ft.
Qther Floors 60 60 50 50 A 100 ft.
D-1* :
D-2 Protected 80 80 C 125 ft.
Unprotected 40 40 C 75 ft.,

D-3

and Protected 100 100 80 80 80 C 150 ft.
D-3a Unprotected 60 60 60 50 50 C 100 ft.
D-4 Protected 150 150 100 150 100 C 150 ft.
Unprotected 150 150 150 C 150 ft.
Unprotected 60 40 C 100 ft.

E - (No Limit)

F . (No Limit)

G 33

*Exits for Assembly Room above third floor shall require the approval of the
Board of Standards and Appeals.

**As may be required by the Board of Standards and Appeals.
NOTES

1. Theater in this table means an Assembly Room with fixed seats, customarily
darkened during performances. Theaters shall have not less than three (3)
exits as remote from each other as practicable.

2. “Protected” indicates that materials which are combustible are properly
protected by a sprinkler system, or such other automatic types of system
or systems as may be necessary by reason of the type cf hazard.

3. Add 25% of the second floor and 85% of each balcony to the full capacity
of the first floor to determine the required number of units of exitway at
grade, where such floors are permitted to exit through common first floor

exitways.
4. Where the occupancy is mixed, the more stringent requirements shall
govern, :
Misimsm Sec. 2803. The minimum number of exitways to be pro-
xltwey vided from each Occupancy Classification shall be as follows:
Roquiremssts 1. OCCUPANCY CLASSIFICATIONS GROUP “A”—

Two (2) exitways accessible from each story or mezzanine
as remote from each other as possible, the location of all
exitways to be subject to the approval of the Superin-

tendent.

14
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Group "B" Occupancies (School)

Greup "8 Sec. 701. Group "B” Occupancies shall be the primary and
Occupeancies intended use of any building or structure or any part thereof
Defined for the purpose of education, instruction or recreation.
“ Construction Sec. 702. The Allowable Types of Construction and Limits
é and Helght of Height for Buildings and Structures of Group “B” Occu.
' pancies are set forth in Table 5-B.
r
) 4
“ Basis of Sec. 703. For the determination of exit facility requirements,
,4 Exit rooms in Group “B” Occupancies shall be classified as follows:
}m , Requirements 1. Lecture Rooms ..............., 7 sq. ft. per person
2. Main Exercise Rooms of
‘ Gymnasiums . ................. 15 sq. ft. per person
?l 3. General Classrooms and Recreation ,
Rooms ... ... B 20 sq. ft. per person
‘; 4. Museums, Libraries, etc. ... ... .. 30 sq. ft. per person
g’ ' 5. Shops, Vocational, etc. ... ... ... 100 sq. ft. per person
: (Room capacity shall be determined by dividing the room
- areas by the appropriate capacity unit.)
\ l Places of Assembly for schools shall not be placed above the
. first floor ievel nor below the grade I=vel utiless approved by
' the Board of Standards and Appeals.
l _ Light and Sec. 704. All portions of Group *“B” Occupancies shall be
' ‘ Ventilgtion provided with light and ventilation, either natural or artificial,
] as required in Chapters 42 and 43 of this Code.
|
- Heating Plant  Sec. 705. Every room containing a central heating plant shall
l Separetion be separated from the remainder of the building by a “2-hour -
’ Occupancy Separation,” as dcfined in Sec. 508.
§~ ' Flammeble Sec. 706. No highly flammable or explosive materials, ex-
i or Explesive cepting only such as are normally used in school laboratories,
. Materials shall be stored in any Group “B” Occupancy. The use and
| I‘ handling of fuel oil shall comply with recognized safe prac-
] tice. The recommendations of the National Board of Fire
Underwriters shall be considered as a guide to safe practice.
l Enclesure Sec. 707. Elevator shafts, vent shafts and other vertical open-
- of Verticel ings which permit the passage of fire or smoke through more
Opeaings than one floor shall be enclosed in buildings of Types I, II or
- III Construction, as defined in Chapters 15, 16 and 17 of this
] Code, with the following exception:

Stair towers may have wire glass panes in Class “B” fire doors
not to exceed one hundred (100) square inches and not more
than twelve (12) inches in one direction. The total area of all
panes shall not exceed seven hundred fifty (750) square inches.
All parts of the frame supporting the wire glass shall be of
incombustible material.

:n'cr'l.or Sec. 708. In Group “B” Occupancies interior finish shall be
nls

of noncombustible or noninflammable materials which shall not
develop toxic or noxious gases when exposed to heat or flames,

2. OCCUPANCY CLASSIFICATIONS “B,” “C-1,” AND
“G”—Two (2) exitways accessible from each story or
mezzanine as remote from each other as possible.

16
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‘n'.’ [ 1) ‘ll
Oceupancles
Defined

Censtruction
end Height

Werking
Stages

Interier
Finish

Groﬁp “A" Occupancies (Assembly)

Sec. 801. (a) Group “A” Occupancies shall be the primary
end intended use of any building of structure for the purpose
of assembly of persons for amusement, entertainment, educa-
tion, instruction, worship, transportation, recreation, sports,
dining or similar purposes, with admission either public or
restricted.

Sec. 601. (b) For the purpose of defining structural and
height limitations, Group “A” is divided into the following
divisions:

A-1 Capacity 1,001 oz more

A-2 Capacity 751.1,000

A-3 Capacity 501.750

A-4 Capacity 251.500

A-5 Capacity 76-250

A-6 Capacity 75 or less

(A room having a capacity of not more than 75 persons
shall not be construed as being within an “A” Occupancy
Classification if the assembly of persons therein is incidental
or accessory to another occupancy classification.)

Any classroom with an occupancy of 50-75
students shall be considered Group A-6
occupancy.

Sec. 601. (c) CONSTRUCTION BELOW GRADE. A
place of assembly in a building of non-fire-resistive construc-
tion may not have any part of its floor more than 12 feet below
grade, and if in a fire-resistive building may not have any part
of its floor more than 20 feet below grade.

Sec. 602. The Allowable Types of Construction and Limiits
of Height for Buildings and Structures of Group "“A” Occu-
pancies are set forth in Table 5.B.

Sec. 603. For definitions, specific limitations and require-

ments for Working Stages, see Chapter 12, Occupancy Group
“G”.

Sec. 604. Interior Finish of Group “A” Occupancies shall
be of non-combustible or non-lammable materials which shall
not develop toxic or noxious gases when exposed to heat or
flame. Combustible material may be used for decorative pur-
poses if rendered flame-proof. Non-permanent flame-proofing
shall be tested each year and renewed whenever necessary.
EXCEPTION: Wood wearing surface for floors shall be per-
mitted. Wood panelling on walls shall be permitted, provided
that wherr the applicable area in any room exceeds 5,000 square
feet the wood shall be treated to render it fire-retardant.

s oceaiiy Aqwmvmz’n—mm e R e s e o i e g 2
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Light end
‘Veatlieton

Enclespre
of Verticel
Openings

Greup A-6
Occupencies

Sec. 605. All portions of Group “A” Occupancies shall be
provided with light and ventilation, either natural or artificial,
as required in Chapters 42 and 43 of this Code.

Sec. 606. Elevator shafts, vent shafts and other vertical
openings which permit the passage of fire or smoke through

‘more than one floor shall be enclosed in buildings of Ty

I, II and III Construction, as defined in Chapters 15, 16 and
17 of this Code. ‘

Sec. 607. Group A-6 Occupancies shall comply with the re.

quirements of this Code for D-4 Occupancies and shall be
exempt from all of the provisions of this and other chapters
which apply to assembly occupancies except that each A-6
occupancy shall comply with the requirements set for.ir in
Tables 5-A and 5-B and shall be provided with at least two
means of egress. '




Group D Occupancies (Commer-
cial, Industrial, and
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Group "D" Occupancies {Commercial, Industrial and Office)

. Group D" Sec. 901. (a) COMMERCIAL, INDUSTRIAL AND OF.
] Occupancies FICE. Group *D” Occupancics shall be the primary and in-
1 Defined tended use of any building or structure or any part thereof
| 2 for commercial, industrial, office or like purpose.
“p-3~ Sec. 901. (d) Division “D-3” (Light Hazard) shall in.

{ and *'D-3a" clude occupancies involving the manufacture, assembling,

warehousing, use, sale or storage of combustible but not highly B
flammable products and materials. The Board of Standards
] and Appeals shall have authority to reclassify: under Occu-
] pancy Group D-3 any building to be nsed for the storage,

warehousing, manufacturing, processing, 1:3e or sale of hay,

strav, broom.corn, hemp, tow, jute, sisal, excelsior, kapok,
] hair, o.xum, artificial flowers, matches, mattresses, rubber,
cork, brooms, carpet linings, paper, pasteboard, feathers or
‘ cotton or to be occupied as a woodworking plant, a planing
mill, drying rooms or for an occupancy of equal fire and life

hazard, if such building is equipped with an approved auto-
matic sprinkler system.

Vit o o

———
$ -
§

£ "D.4" Sec. 901. (e) Division “D-4” (Non-Hazardous) shall in-
1 ) clude occupancies not included under Divisions *D-1”, *D.2”
“D-3"or *D-3a” and involving lesser hazards than those stated
therefor.

"D-3, *D-3a”  Sec. 902. (c) The allowable types of construction and the

ond “'D-4" limits of height for buildings of Divisions D-3, D-3a and D-4
—Construction  shall be as set forth in Table 5-B.
and Helight

Aty s —

Light and
] Ventilation

Sec. 905. All buildings, structures and parts thereof of
Group “D” Occupancy customarily used by human bcings
shall be provided with adequate light and ventilation by means
of windows or skylights or shall be provided with adequate
artificial light and a mechanically operated ventilation system _ E
as required by Chapters 42 and 43. *D-1” and “D-2” Occu- !
pancies shall have such forced ventilation as may be neces-
sary or required by the special hazard in each case and as
determined by the Board of Standards and Appeals.
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Enclosure
of Yertical
Openings

)

Sec. 906. Elevator shafts, vent shafts and other vertical
openings which will permit the passage of fire or smoke
through more than one floor shall, in buildings ot Types I,
II and ITI Construction, be enclosed as provided in Chapters
15, 16, 17 and 25 of this Code.

EXCEPTION: Escalators (not requited means of exit) in
fully sprinklered buildings of Types 1 and II Construction
with D-3, D-3a or D-4 Occupancy reed not be fully enclosed

_ under the following conditions:

(a) When substantial non-com’:ustible curtain boards or draft
stops are provided below each ceiling pierced and extend
at least 24 inches below the ceiling; and

(b) A line of sprinklers, supplied by a riser not supplying any
other sprinklers, is arranged outside of curtain board or
draft stop to provide an effective water curtain complete-
ly around the under side of each floor opening.

4. OCCUPANCY CLASSIFICATIONS “D-2,” “D-3”
AND “D-4”—Every story that exceeds 3,000 square feet
of Types I, II or IV Construction, or occupied by more
than seventy-five (75) persons, or of Types III or V Con-
struction, or occupied by fifty (50) or more persons, shall
have two (2) exitways accessible from each story or
mezzanine.

Every basement or cellar, or story below grade, larger
than six hundred (600) square feet in area, shall have at
least two (2) means of egress, both of which shall be
accessible from any portion of said basement or cellar, and
one of which may be located and constructed in accord-
ance with requirements which may be set by the Super-
intendent if an exit complying with all of the require-
ments of this Chapter cannot be provided.




TECHNICAL APPENDIX

Definitions of Certain
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Stairs and Exits,
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Special Requirements
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Occupancies

Table 14-A Fire
Resistive Require-
ment for Construction
Types

Construction Types

Fire Zoning .
Regulations
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Definitions of Certain Terms

Sec. 401. As used in this Code, certain terms shall be defined as follows:

ALTERATION—Any change, rearrangement, addition or modification in
construction. '

BASEMENT—A story partly below ground of which one-half or more of the
height is above the average level of the adjoining ground.

BUILDING—A structure which encloses space. Any. portion of a building
separated from any other portion by an unpierced fire-resistant wall extending

‘from the lowest floor to the underside of the roof shall be construed as being a

separate building. EXISTING BUILDING—A building in existence at the
time any official action of the Bureau of Building Inspection in relation thereto
is necessary.

CELLAR—A story of which more than one-half the height is below the average
level of the adjoining ground.

COMBUSTIBLE—Capable of igniting and continuing to burn or glow at or
below a temperature of 1200 degrees F.

COURT—An open, unoccupied space bounded on two or more.sides by the
walls of a building. INNER COURT—A court which does not extend to a
thoroughfare, to a side yard having a width of three feet or more or to a
front or rear yard. OUTER COURT—A court which extends to a thorough-
fare, to a side yard having a width of three feet or more or to a front or rear
yard. (See, also, definition of court, as applied to exitways, in Sec. 2801.)

CUBIC CONTENT, CUBE OR CUBAGE—The actual cubic space enclosed
within the outer surfaces of the outside or enclosing walls and contained be-
tween the outer surfaces of the roof and 6" below the finished surfaces of the
lowest floors. (The standard cubic contents does not include the cube of courts
or light shafts open at the top or the cube of outside steps, cornices, parapets,
open porches or loggias.)

DEAD LOAD—The weight of the structure.
EXISTING BUILDING—See Building.

FIRE RESISTIVE—ADbility to resist fire and to prevent its spread, in accord-
ance with Sec. 302(a) 5(b).

FLAMEPROOF MATERIAL—Any non-structural or decorative material,
such as fabrics, composition boards, cardboard and paper products, or any

other material which, in its untreated form, is readily combustible, shall be

considered flameproof only if after suitable treatment it is found not to burst
into flame or support combustion when subjected to the flame of a gasoline

torch applied to the edge of said material for thirty seconds. Any wood which
meets the requirements of Sec. 302(a) 5(c) shall be considered flameproof.

FLAMMABLE—Same as COMBUSTIBLE.

FLOOR AREA—The area included within surrounding walls of a building
exclusive of vent shafts and courts. .

GARAGES—Class 1 garages are bus or truck garages and other garages, except
Class 2 and Class 3, in which more than three motor vehicles are housed or kept
and or in which repairs involving open flames, spark emitting devices or highly
heated parts are made. Class 2 garages are open air parking garages without
basements for parking of passenger cars only, with parking lanes not less than
8’0" wide and with vehicular entrances and exits not to cxceed seven (7) feet
in height. Class 3 garages are all other type passenger car garagés not included
in Class 1 or Class 2 garages and shalfl have a floor area not in excess of three car
capacity. They shall be classed as Group F for occupancy use.
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INCOMBUSTIBLE—Same as NON.COMBUSTIBLE. . . ' B
INFLAMMABLE—Same as FLAMMABLE.

LIVE LOAD—Any load imposed or capable of being imposed on a struc-
ture other than the loads of the structure itself.

MEMBERS, PRIMARY AND SECONDARY —In the main structural frame-
work: of buildings, primary members shall be construed to inciude any steel
member used as a column, a grillage beam or to support masonry walls or
masonry partitions, including trusses, isolated lintels spanning an opening of
eight (8) feet or more, and any member required to brace a column, or a triss,
or to support two hundred (200) or more square feet of floor or roof area. ]
Secondary members shall be construea to include all other sieel members,
including filling-in beams of floor and roof system, which individually sup. ,
port less than 200 square feet of floor or roof area. '

NON-COMBUSTIBLE—Incapable of igniting and continuing to burn or

glow at or below a temperature of 1200 degrees F.

NON-CONFORMING—Not in compliance with one or more of the provi-

sions of this Code but in existence since prior to the enactment thereof. o
NON-FLAMMABLE—Same as NON.-COMBUSTIBLE.
OCCUPANCY—The purpose for which a building or part thereof is used

or intended to be used. Change of occupancy shall mean a change from one
occupancy classification to another and shall not be construed as meaning a
change of user or occupant. Mixed Occupancy shall mean the use of a build-
ing for more than one occupancy classification.

o

SRS A o

PENTHOUSE—A structure built above a roof, limited in use to the housing

of machinery, mechanical equipment and stairways. A penthouse shall not be
construed as a story.

REPAIR—The reconstruction or renewal of any part of an existing building
for the purpose of its maintenance.

STORY—That portion of a building between the floor and the ceiling of any
occupied level having a minimum height of six (6’) feet and eight (8”) inches.
For the purpose of height regulation, any basement, cellar, attic or penthouse not
intended for use as part of the primary occupancy of the building or for any
other primary occupancy shall not be classified as a story.

STRUCTURE—Any piece of work which is built or constructed.

TN T R e TR R, T e e R AR ARSI R e

THOROUGHFARE—A street, road, alley, way or other space customarily
used for travel.

s

VENEER—A facing of brick, stone, concrete, tile, metal, wood, glass or the

like attached to a wall. Veneer shall not be calculated as contributing to the
strength of a wall.
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General—

Dolnmon

Sxitwey
Cepeacity

.herein provided for.

* Stairs and Exits

. - Sec. 2801. All buildings hereafter erected except buildings

of Groups “E” and “F” Occupancies shill have exitways as

EXITWAY shall mean any required means of direct egress
in either a horizontal or vertical direction leading to a thor-
oughfare.

CORRIDOR wherever used in this Chapter shall be synony-
mous with passageway, hallway and similar designations for
horizontal travel from or through subdivided areas. For fire
protection see Footnote (16) to Table 14-A.

'HORIZONTAL EXITWAY shall m=an one or more pro-

tected openings through or around a firz wall or fire partition,
or one or more bridges connecting two buildings. Where hori-
zontal exits are employed, provisions shall be made to eventu.
ally reach grade level. ,

COURT, as applied to exitways, shall mean a space open to
the sky, or a properly enclosed corridor. Exit courts shall lead
directly to a thoroughfare. (See Sec. 2818 (e).

UNIT OF WIDTH shall mean the required width of a path
of travel either horizontally or vertically, for one person or a
single line of persons to exit from a building or from any of
its parts. All units of width shall be unobstructed by railings
or by doors when in an open position.

ENCLOSURES—The construction of enclosing walls for the

various types of buildings in which they occur is regulated by
Part V of this Code.

RAMPS—Wherever stairs are mentioned, ramps may be sub-
stituted. Except as stated in Sec. 2815, ramps shall comply
with all of the requirements for stairs.

Sec. 2802. Exitway capacity shall be based upon the number
‘of persons to be accommodated, the type of occupancy, and
the probable hazard due to fire or panic by reason of the type

and method of construction of the structure.

Units of exitway shall be provided in accordance with Table
28-A. When the number of persons to be accommodated is
not fixed in a manner satisfactory to the Superintendent, the

Superintendent shall require exitways to be provided based

upon the character of the occupancy and the number of occu-

pants per square foot of net floor area devoted to a particular -

purpose as set forth in Table 28-B. Such action by the Superin-
tendent shall not be construed as relaxing in any manner
whatsoever the requirements of Table 28.A and the total
number of occupants permitted in any structure or any of its

rts at any one time shall be the maximum number that can
”.:commodated by the exitway capacity as shown in Table

28
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" Unit of Width Sec. 2805. The unit of width shall be 20 inches, except that '
in exitways less than 21 units wide the width of units and half
units shall be as shown in the following Table 28-C. Credit as ,
exitway width shall not be given for any fractional part ofa _—
unit other than one-half. '

“TABLE 28-C”
Doorways and Stairs Corridors

1 Unit 24 inches 30 inches

1Y% Units 32 inches 36 inches

2 Units 40 inches 44 inches

2Y4 Units S0 inches 50 inches

More than 24 Unitz—Add ten (10) inches for each
12 unit.

General Sec. 2808. The requirements for stairs apply to all stairways ‘
Requirements  except inter-communicating and similar stairways which do
for Stalrways  not constitute exitways, and which are so located and arranged N
as not to be subject to use as exitways. No provision of this N4
section shall be construed as waiving the requirements for en-
closures to prevent the spread of fire and smoke. For multi-
story buildings, stairway requirements are non-cumulative.
All new stairways (including platforms, landings, etc., used
in connection therewith) in buildings three (3) stories or more l
in height, and in all buildings of fire-resistive construction
shall be of not less than Type IV, incombustible construction, ]
throughout. Handrails are exempted from this requirement. M
Treads of stairs, risers and landing floors shall be unpierced. l
Wood stairs, permitted in Types III and V Construction, shall 1
have the soffits protected by 1-hour fire-resistive ceiling con-
struction. The space beneath the bottom run of stairs of com- [ )
bustible construction shall not be used for closets or like pur- )

es.

There shall be no variation in width of treads and the height
of risers in any flight. Variation in height of risers in adjacent
flights shall not exceed 3/16 inch. All treads less than 10
inches, as measured horizontally from the faces of risers, shall
have a nosing or an effective projection of approximately 1- .
inch beyond the faces of the risers below. o

Where, in the judgment of the Superintendent, matecrial of ‘

Rl g i
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Stair
Arrangement
and Access

Handrails
and Railings

stair treads and landings is such as to involve danger of slip-
ping, non-slip material shall be provided.

No arrangement of treads known as winders shall be per-
mitted in new stairways.

Stairways and their intermediate landings shall” continue
with no decrease in width along the direction of exit travel,
except that existing stairs with decrease in width may be
accepted, subject to the provision that the narrowest point
shall determine the rated width for all floors above that point,
ot, in the case of basements, below that point,.

For classes of stairways and their requirements see Table

- 28-D.

Sec. 2809. In buildings of non-fire-resistive construction,
more than three (3) storics in height with rcofs having a slope
of less than one foot in four, at least one stairway shall extend
through the rocf. In buildings more than four (4) stories high,
having three (3) or more required stairways, at least two (2)
shall extend through ‘he roof or shall be connected by a corri-
dor in the top story.

Where roofs are used for roof gardens or similar occu-
pancies, stairways shall be provided in compliance with re-
quirements of other parts of the building. Class *C” stairs
may be used for access to unoccupied roofs.

Unless otherwise permitted by the requirements for indi-
vidual occupancies, all stairways shall lead to a thoroughfare
directly or by way of a court, not less than 24 units in width
or at least equal to the aggregate widths of all the exits dis-
charging through it, except that where two or more exits dis-
charge through such court, the required court width to serve
such exits may be reduced !4 unit for each twenty (20) feet
of distance between such exits.

Where stairways discharge through fire-resistive passages,
such passages shall be not less than eight (8) feet in height.
Where there is communication between the passage and the

street floor, all such openings shall be protected by not less
than Class “B” fire doors.

All exits to stairways shall be so located that they are readily
accessible and visible. All stairways which may be used for
exit purposes shall be so arranged as to make clear the direc-
tion of egress to a thoroughfare.

Sec. 2810. All stairways ‘shall have well secured handrails
as required by Table 28-D. The clear distance between hand-
rail and wall or other obstruction shall be not less than two
(2) inches. Stair wells exceeding fifteen (15) inches in width
shall be protected by well balustrades or guards not less than
four (4) feet high when measured vertically from the face of
the riser. Wide stairways shall be provided with one or more
continuous intermediate handrails substantially supported;
the number and positions of intermediate handrails to be such
that there will be not more than 2'% units of width between
adjacent handrails. Upon approval by the Superintendent,
this distance between intermediate handrails may be increased,
but no exitway credit shall be allowed for such increase in

width.
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Herlzontal Exits

Sec. 2811. Horizontal exits consisting of one or more pro-
tected openings through or around a fire wall or a fire partition
or one or more bridges connecting two buildings may consti-
tute fifty (50) per cent of the exitway capacity. Fire partitions
used to provide a horizontal exitway shall be at least equivalent
in fire resisiance to the type of stairway enclosure required for
the building, and in any case, at least equivalent to 2-hour
fire-resistive construction. Every fire section for which credit
is allowed in connection with a horizontal exit shall also have at
least one other cxitway. ' '

Construction and arrangement shall be such that the exit-
way from each possible area of refuge cannot be obstructed
by the same smoke or fire which may involve the area from
which refuge is taken, Every horizontal exit for which credit is
given shall be so arranged that there are continuously avail-
able paths of travel leading from cach side of the horizontal
exits to exitways leading to the street.

Doors leading to horizontal exits shall be kept unlocked and

unobstructed whenever premises are occupied -on either side
of the exit. ‘
- Except as permitted for door sills at bridges, no stairs or
steps shall be used in a horizontal exit in a new building.
Ramps are permitted where a difference exists in levels between
connected floor areas.

New bridges and balconies shall have a minimum width of
two (2) units. Completely enclosed bridges shall be level with
the floor. When a bridge or balcony is not completely en-
closed, the level of the bridge floor shall be one step (approxi-
mately 7Y3 inches) below the building floor.

All wall openings, in both of the connected buildings, any
part of which is within ten (10) feet of any bridge as measured
horizontally or below shall be protected by standard fire doors
or metal framed wired glass windows; provided, however, that
where bridges have solid sides not less than six (6) feet in
height, such protection of wall openings may be omitted.

Bridges which are not fully enclosed shall be provided with
sides not less than five (5) feet high, which may be solid,
slatted, grilled or screened construction, but no openings shall
be greater than four (4) inches in one dimension.

Balconies leading around fire walls or fire exit partitions
shall have an unobstructed length and width of not less than
the required exit width of the exit doors which they serve.

All bridges and balconies shall be of incombustible construc-
tion, and all floors shall be solid.

Sec. 2812. All doors used in connection with exitways shall

be substantially constructed and installed in a workmanlike -

manner, be fitted with reliable hardware, and shall swing with
the exit travel. Doors from individual rooms to corridors need
not swing with the exii iravel except: (a) where a room is used
for purpose of assembly; (b) where a room is occupied by
fifty (50) or more persons or (c) where a room contains any
hazardous occupancy.

Doors which lead into the path of travel from other areas
shall be so located that they do not encroach upon the required
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All exit doors for Occupancy Classifications A-1, A.2, A.3,
A-4, A.5, B, D-1, D-2, and G shall be operated by bars or other

_panic hardware devices approved by the Superintendent. No
lock’ or other device which prevents egress shall be permitted

~ to be used on such ‘doors during any periods of occu ancy. .

o

Revolving Deors

The utlit widths are defined in Sec. 2805. No single door

" shall'be less than one (1) unit in width nor more than two (2)
'units in width. Each separate opening shall constitute a door-

way. Doorways constituting exits from stairways shall be equal
in width to the stairways which they serve. Exit doors (except
exterior doors) shall have a fire-resistive rating equal to that
required for the partition or wall in which they are installed.

Sec. 2813. Re\;ol;'ing doors shall not be used on required

exits except that approved collapsible revolving doors may be
so'used between street floor and street (but not as exits from
stairways) for Occupancy Classifications C-2, D-3 and D-4. Ex.

cept as otherwise provided in this section, revolving doors

shall not constitute more than fifty (50) per cent -of the, re-
3uired exit width. The clear width of the opening when the

. doors are in a collapsed position shall be used in determining

the fiumber of units of width to be allowed for each revolving

~ door. At any location, the number of units of revolving door
* width shali not exceed the number of units of swinging door

Klsln end
Cerridors ‘

Elevaters
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width within twenty (20) feet of such revolving doors.

Doors with a2 minimum diameter of six feet may be used to
provide the total required width of exits when such doors serve
a ground floof area only and when the occupancy is 75 per-
sons or less in buildings of Types I and IT Construction and
50 or less in buildings of other types of construction.

 Sec. 2814. Either direct ai:cess to exits or safe and continuous

corridors or aisles leading directly to every exit and so ar-
ranged as to be conveniently accessible to every occupant,
shall be maintained at all times on all floors of all buildings.

- The aggregate capacity of corridors or aisles leading to any

exit shall be at least equal to the capacity of the exit. (See
Table 28.C.)

Sec. 2815, Ramps may be used in place of stairs in required

exitways. The maximum pitch of ramps shall be 1624% (2

inches per foot). Ramps steeper than 10% shall have non-

elip surface. Ramp arrangement, construction, enclosures,

doorways, unit widths and vertical distance between landings
shall conform to the requirements for stairs for the same
occupancy. Vehicular ramps shall not be permitted as exitways
for pedestrians. Ramps having a slope of more than 1212%
shall be previded with handrails as required for stairways.
Easemnents at top and bottom of ramps shall be not less than
4 inches in length for each degree of slope. The requirements
of this section shall not apply to ramps in Class 2 garages,

Sec. 2816. Elevators shall not be included in the calculations
for required exitways.

S ~—



Constructioa Sec. 2821. (a) Outside fire escapes shall be constructed of
incombustible materials and shall be designed to carry a uni-
form live load of not less than one hundred pounds per square
foot of all landings and balconies and of the horizontal pro-
jection of all stairways. The minimum thickress of members,
except rolled structural shapes other than angles, shall be one-
quarter inch and the minimum diameter of rivets and bolts

3‘ ) | ’ shall be five-sixteenths inch. , o

Design Sec. 2821. (b) The width of all stairs shall be 24" between
Requirements railings,-and all balconies and railings shall be at least as wide !
as the stairs. For buildings exceeding three (3) stories in ]
height or having an occupancy of fifty (50) persons, the width
of the stairs, balconies and landings shall be that approved by
the Superintendent to provide safe and adequat: means of 1
escape in case of fire or panic. . C
Risers shall not exceed 8” in height and treads shall not be
less than 7" in width. The angle of the stairs shall not exceed 45
degrees unless conditions will not permit, in which case the
Superintendent may approve as: angle up to 60 degrees. The 1
width, rise, and construction of a fire escape for any building 1
used for “B” or “C-1” Occupancy shall be as approved by
the Board of Standards and Appeals.
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Countor- Sec. 2821. (¢) The bottom run of stairs, unless fixed to
Y belanced the ground, shall be raised above the ground when not in ]
' Stalirs use and counterbalanced by means of cast iron weights on

. 3

a beam or on an extension of the stringers. When conditions §
will not permit the above methods, the Superintendent may ¥
approve the use of cast iron weights suspended on non-corrod- '
ible or galvanized chain of sufficient strength to carry the
load, and not less than one-quarter inch, over malleable iron

|

ST |

*4 : Rallings Sec. 2821. (d) On exposed sides of all stairs, landings and 2

| balconies, rigid railings shall be provided not less than three 1

v feet in height constructed with top and bottom angle rail, 4
angle posts not less than 1%,"x1%,"x)4" spaced not to exceed {
seven feet on center and balusters spaced not to exceed six E

: inches on center, except that railings for counterbalanced ‘

;] : stairs may be a single angle or pipe rail without balusters. 1

- For buildings exceeding three stories in height or buildings 1
occupied by fifty or more persons, the height and design of :

" the railings shall be as approved by the Superintendent and

shall be such as to provide safe egress under the conditions

- prevailing. :

q
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" Escalaters

Windows

loels

Sill Height

Fire Doors

| Protection
of Windews

Sec. 2817. Ii: buildings of any classification having one or
more stairways ronforming to the requirements of this Code
for exitways, escalators normally operating in the direction
of exit, or operating in the opposite direction if equipped at
the head of each flight with a device for stopping all flights
simultaneously, may be used as required exitways. All esca-
lators for which credit is given shall be of the horizontal tread
type, shall have a vertical travel of not more than one floor
between landings, shall be provided with enclosures and direc-
tional signs and shall meet all other requirements for stair-
ways. Barricades not readily removable in case of fire or panic
shall be prohibited during all periods of occupancy.

S?c. 2823. (c) Windows leading to fire escapes shall have
openings large enough to provide safe and adequate means of

_egress with sills not over thirty (30) inches above inside floor

level.

Sec. 2823. (d) Where required by this Code, doors shall
be equipped with panic hardware, otherwise doors and win-
dows shall be equipped with locks readily opened from the
inside without the use of a key.

Sec. 2823. (e) The height of egress door or window, sills
above the fire escape balcony platform or landing shall not
exceed eight (8) inches.

Sec. 2824. (a) Doorways leading to fire escapes shall be
provided with Class *C” fire doors and frames.

Sec. 2824. (b) All windows opening upon, over, under or
within ten (10) feet laterally of the fire escape shall have metal
frames and sash and shall be glazed with wire glass except
as follows:

(1) Windows over a fire escape where the vertical distance
from the window sill to the tread of the fire escape is
more than six (6) feet need not be protected.

(2) Windows under a fire escape where the window is more
. than one full story below the nearest part of the fire
escape need not be protected.

(3) Windovs in buildings three stories or less in height
and having an occupancy not exceeding twenty-five
persons may have wire glass installed in existing frames
and sash. No single light of wire glass shall exceed in
area seven hundred and twenty square inches.
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Enclosure of Vertical Openings

When Required  Sec, 2501. Vertical openings- shall be required to be en-
closed in certain buildings, depending upon occupancy of
building, height of building or Type of Construction. The
vertical openings required to be enclosed are specified under
Occupancy, in Part III. Fire-resistive requirements for en-
- closures for different types of buildings are set forth in Table
14-A. : , ' v .

Stairway, Ramp, Sec. 2502. When stairways or ramps are required to be en-

and Elevator closed, such enclosures shall extend from the lowest point to

Enclosures the highest point required and shall also include passageways
necessary to complete the exit which shall be not less in width
at any point than the required width of such stairway or ramp.
All doors opening into such enclosures, except as specifically
exempted in this Code, shall be fire-resistive doors as specified
for such openings under Types of Construction, and all such
doors shall be self-closing and kept normally closed.

All windows in exterior walls shall be protected by fire-re-
sistive windows when so required because of location. (See
Chapter 24.)

Walls and partitions enclosing stairways, ramps or elevators
shall be of not less than the fire-resistive construction as set
forth in Table 14.A or as required under Types of Construc-
tion in Part V. Elevator shafts extending through more than
two (2) stories shall be equipped with an approved means of
ventilation to and through the main roof of the building.

No open unenclosed space shall be permitted under any
elevator pit. :

(See Chapter 28 for stairs abutting an elevator enclosure.)

Other Vertical  Sec. 2503. All shafts, ducts, chutes and other vertical open-
Cpenings ings not covered in Sec. 2502 shall have enclosing walls con-
forming to the requirements specified under Types of Con-
struction when they exceed nine (9) square feet in area. All
other shafts (nine (9) square feet or less in area) shall have
enclosing walls as above specified or be lined with sheet metal
having lock jointed or riveted seams and joints. Combustible
material or partitions and floors through which such ducts
pass shall be kept at least three (3) inches from the metal
lining or shall be protected by the equivalent of 3; inch of
plaster or Y4 inch of asbestos or plaster board. Openings be-
tween ducts and the floor construction through which they pass
shall be filled with incombustible materials securely held in
place to prevent the passage of fire. All doors opening into
such vertical shafts shall be of metal or shall be covered on
the shaft side by the equivalent of Y4 inch of asbestos and not

less than 26-gauge metal, turned around all edges and well
fastened to the door. Windows in such shafts shall be wire glass
and metal frames and sash or such frame and sash may be of
wood entirely clad with metal of not less than 26 U. S. gauge.

The requirements of this section shall not apply to manlifts
for Class 2 garages. See Section 1807. ‘
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Occupeacies

Sounfs

Alsles

‘Sec. 2818. SPECIAL REQUIREMENTS FOR GROUP
*A» OCCUPANCIES.

Sec. 2818. (a) In places of assembly in which seats in rows
are provided, except in chuzches and other places for religious
assembly, stadiums, and reviewing stands, individual seats
shall be provided for the persons congregating therein.

The width of seat allotted for each person shall be not less
than nineteen (19) inches. :

Seats in rows, whether fixed or movable, shall, except in
boxes or loges not exceeding sixty (60) square feet in area, be
not less than thirty (30) inches apart from back to back mea-
sured in a horizontal direction.

When individual fixed seats are provided, no seat shill have

more than six (6) seats intervening between it and an aisle, -

provided that, if the seating consists of fixed chairs with self-
raising seats so spaced that when the seats are raised there
is an unobstructed space of not less than eighteen (18) inches
horizontal projection between the rows of seats and doorways
leading directly to exit corridors are provided not more than

. 'five () feet apart along the sides of the auditorium, the num-

ber of seats in a row shall not be limited.

In boxes or loges not exceeding sixty (60) square feet in
area, and in other locations where loose chairs are permitted,

not more than one chair shall be provided for each six (6).

square feet of floor space.

Sec. 2818. (b) Every aisle shall iead to an exit door or to a
cross-aisle, that is, an aisle running parallel with the seat rows
and leading to an exit door.

Aisles, cross-aisles and corridors shall be of uniform width
at least equal to the minimum width required for exits in this
Code but in no case shall the width of an aisle or cross-aisle be
less than the width of the widest aisle, cross-aisle or exit which
it serves. No aisle shall be less in width than 36 inches, plus an’
increase of 12 inches for each five feet of length of such
aisle, i.e., from its beginnir- to an exit door or to a croes-
aisle or between cross-aisles, except that when there is egress

at each end of said aisle the increase of width shall be at the .

rate of % inch for each five feet. Aisles with seats on one side
only may be six inches less in width and, when not to exceed
60 seats are served by such an aisle, the minimum width shall
be 30 inches. A cross-aisle shall be not less than 3 feet 6 inches
wide and shall lead to an exit. A cross-aisle bordering on a
means of entrance shall be not less than four feet wide.

In al! balconies and galleries having more than twenty (20)

rows of seats, there shall be provided a cross-aisle not less

than four (4) feet wide leading directly to an exit, provided

that there shall in no case be a difference of level exceeding

eleven (11) feet between lowest or highest seat platform and
cross-aisle or between intermediate cross-aisles.

Steps shall not be placed in aisles unless the gradient would
exceed one (1) foot rise in ten (10) fect run. Steps, when
necessary, shall be grouped and, so far as practicable, iso-
lated steps shall be avoided. Such steps shall extend across
the full width of the aisles and shall be illumirated; treads
and risers shall conform to the requirements of this Chapter
for exit stairs. '

Aisles shall be used only for passage to and from seats and
shall be kept unobstructed at all times.
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Rellings

Dressing Rooms

Exlt Courts

Belcony
Exltwey

$telrweys

Sec. 2818. (c) The facias of boxes, balconies and galleries
shall have substantial metal railings not less than twenty-six
(26) inches high above the floor. The railings at the ends of
aisles extending to the facia shall be not less than thirty (30)
inches high for the width of the aisles ¢ thirty-six (36) inches
high, if at foot of steps.

Cross-aisles, except where the backs of seats on the front
of the aisle project twenty-four (24) inches or more above the
floor of the aisles, shall be provided with railings not less than
twenty-six (26) inches higﬁ b

In balconies, galleries or other locations where seats are
arranged on platforms or successive tiers and the height of
rise from one platform to another below and in front of it
exceeds twenty-one (21) inches, a substantial railing not less
than thirty (30) inches high shall be placed at the edge of
the platform along the entire fow of seats.

For unenclosed places of assembly such as grandstands,
stadiuims, and reviewing stands, fixed seats between aisles shall
not be limited but the required widths of the aisles shail be
increased one-eighth (1) inch for each additional seat in
any one row above the minimum number fixed in this section

Sec. 2818. (d) Dressing rooms shall have exits independ-
“ent of the auditorium exits.

Each enclosure for motion picture projectors shall have at
least two (2) exit doors, each not less than thirty (30) iaches
wide and six (6) feet high, protected by approved self-closing
fire doors.

Sec. 2818. (e) All cxits of assembly occupancies not open-
ing directly upon a thoroughfare shall be accommodated or
served by an exit court consisting of a space open to the sky
or a corridor of Type I, fire-proof construction. Such exit court
shall be not less than five (5) feet in width, but in no case
of less width than required for exitways in Sec. 2809. Such
exit court shall extend to a thoroughfare or shall be connected
to the thoroughfare by a corridor of the same required width
not less than eight (8) feet in height, of Type I, fire-proof
construction. Where enclosed corridors are used, they shall
be vented to outer air by wire mesh grilles with ventilating
area at least fifty (50) per cent of the required door opening
of such exit corridor. Slope of courts or passages shall not
exceed one (1) in ten (10). All door openings into courts or
corridors shall be arranged so as not to decrease the required
clear width of court when open. Where an exit passage ex-
tends through the stage portion of a place of assembly, there
shall be no openings between such stage portion and the exit
court.

Sec. 2818. (h) The principal exitways from any balcony
or gallery shall be so located that it will be necessary to ascend
not more than 10 feet or descend not more than six feet to
reach an exit door leading to the stair or an area of refuge.
Where exitways to serve this purpose are required on more
than one level they shall be placed at vertical distances of not
more than 12 feet apart. '

Sec. 2818. (i) Stairways from balconies, galleries, boxes
or loges, discharging through a public lobby shall discharge
in a direction parallel to and with the exit travel from the
main assembly floor or shall have a rail separating the lines
of travel.

Not more than two-thirds of the total exit capacity from
any place of public assembly or from any balcony or tier there-
of shall be through a single public lobby.
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Sroup "G" Occupancies (Working Stages)

Occupeancies
Defined

Coastruction

Permitted
Openiags

Locatien of
Dressing Rooms,
ete.

laterier
Falsh

Sec. 1201. Group “G” Occupancy (Working Stage) shall
be a permanent stage, in connection with any occupancy, which
is equipped, or adaptable for equipment with a rigging loft
or fly gallery, and which is used for theatrical, musical and like
performances. :

Sec. 1202. . The construction of any building, structure, or
any part thereof of Group “G” Occupancy shall be Type 1
construction. All walls separating Group “G” Occupancy from
the remainder of the building shall be not less than 4-hour
fire-resistive construction. The perimeter wall shall extend
not less than four (4) feet above the roof surface of the stage
or auditorium, whichever is the higher.
Permitted openings in stage walls:

1. SCENERY DOOR. This opening shaii be in the rear
or side walls of the stage and shall be an Under-
writers’ “B” label or 14-hour fire-resistive, automatic

door.

2. TWO OPENINGS, from stage to auditorium, not to
exceed 35 square feet 2ach in area, Underwriters’ “A”
label, or 3-hour fire-resistive, self-closing doors..

3. REQUIRED OPENINGS, from stage to fire staic
towers, not to exceed 35 square feet each in area,
Underwriters’ “B” label or 1V2-hour fire-resistive, self-
closing doors. :

4. TWO OPENINGS, from the space under the stage to
the orchestra pit, not to exceed 21 square feet each in
area, Underwriters’ “A” label or 3-hour fire-resistive,
self-closing doors.

s. MAIN PROSCENIUM OPENING shall be pro-
vided with a fire-resistive, automatic self-closing cut-
tain, as defined in the building code of the National

" Board of Fire Underwriters, 1943 Edition, as recom-
mended by the National Board of Fire Underwriters.

Sec. 1203. Dressing rooms, workshops and store rooms shall
not be on the stage. They may be located under the stage if
the partitions, floors and floor of the stage are of 2-hour fire-
resistive construction and the rooms protected with Under-
writers’ “B” label or 1V;-hour fire-resistive self-closing doors.

Sec. 1204. Interior finish for all buildings, structures and

parts thereof of Group “G” Occupancy shall be of non-com-

bustible or non-lammable materials which will not develop
toxic or noxious gases when exposed to heat or flame. The use
of combustible material for decorative purposes shall comply

with the requirements of flame-prcofed materials as set forth |

in s«. 6040

v
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Sprinklers

Standgipes

Automatic
Ventllater

Flammable
Liquids

Heoting Plant
Separation

Gridirons,
Fly Gallerlos
and Pis Ralls

Geaeral

Sec. 1205. (a) Inall Group “G” Occupancies, an approved
system of automatic sprinklers shall be provided.

Sec. 1205. (b) A 21" sfandpipe outlet shall be provided
on each side of the stage and such standpipe shall be con-
structed and equipped as specified in Chapter 32.

Sec. 1206. On the roof of every stage shall be an automatic
ventilator having a free ventilating area of not less than one-
tenth (1/10) of the area of the stage, and constructed as re-
quired by Chapter 43.

Sec. 1207. No flammable liquids shall be placed or stored in
any building or structure of Group “G” Occupancy.

Sec. 1208. Every room containing a central heating plant
shall be separated from the remainder of the building by a

~ 2.hour occupancy separation as defined in Sec. 508.

Sec. 1209. Gridirons, fly galleries and pin rails shall be con-
structed of incombustible materials, and the fire-proofing of
such combustible materials may be omitted. Gridirons and
fly galleries shall be designed to support a live load of not
less than 50 pounds per square foot. All parts of the stage
which are not movable shall be ¢f incombustible material ex-
cept the floor covering of the stage which may be wood.

Stage Ventilators

Sec. 3301. There shall be one or more ventilators construct-
ed of metal or other incombustible material near the center
and above the highest part of any permanent stage, raised
above the stage roof and having a total ventilation area equal
to at least 10 per cent of the floor area within the stage walls,
The entire equipment shall conform to the following require-
ments or their equivalent:

1. Doors and other covers shall open by force of gravity
sufficient to overcome the effects of neglect, rust, dirt,
frost, snow or expansion by heat or warping of the
framework.

2. Glass, if used in ventilators, must be protected against
falling on the stage. A wire screen, if used under the
glass must be so placed that if clogged it cannot reduce
the required ventilating area or interfere with the oper-
ating mechanism or obstruct the distribution of water
from the automatic sprinklers.

3. The doors and other covers shall be arranged to open
instantly after the outbreak of fire by the use of ap-
proved heat actuated device. A manual control must
also be provided by an incombustible cord running down

' to the stage at a point on each side of the stage as desig-
nated by the Superintendent.
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Construstion

Entrence Door

Motion Picture Projection B_obfhs

Sec. 3401. (a) Motion picture projectors using nitro- cellu-
lose film shall be operated. or set up for operation only within

“an approved enclosure not less than 48 square feet in size and

9 feet high, except that for any booth hereafter constructed
in an existing occupancy, if such height is not possible, the
height thereof shall be not less than 7 feet 6 inches. If more
than one machine is to be operated an additional 24 square feet

shall be provided for each additional machine.

Sec. 3401. (b) Fof any booth hereafter constructed within
Aan existing occuj » the walls and ceiling of the enclosure
shall be built of E:;::k, tile or plaster blocks, plastered on both

"sides, or of concrete, or of a rigid metal frame, properly

braced, and sheathed and roofed with sheet metal of not less

* than No. 20 U. S. gauge metal, or with ¥ inch hard asbestos

board, securely riveted or bolted to the frame, or 2 inches of

- solid metal lath and cement or gypsum plaster. All joints shall

be sufficiently tight to prevent the discharge of smoke. Non-
combustible acoustical material may be used on ceiling and
walls on top of the plaster. For any zooth hereafter construct-
ed in a new building or an existing building in which the occu-
pancy is to be changed, the wal?a of the enclosure shall be
constructed in accordance with the following requirements
for partitions, with ceiling and floor of equivalent fire.resist-

1. - Hollow tile laid in cement mortar, cement lime mortar
or gypsum mortar and plastered on both sides with not
. less than Y3 inch of gypsum mortar or cement mortar.

2. Gypsum blocks, either solid or hollow, not less than 3
inches thick, laid in gypsum mortar and plastered on
both sides with not less than 1 inch of gypsum mortar.

3. Metal lath supported by incombustible studs plastered
“on both sides to fully cover the metal lath and studs
with not less than three-fourth inch of gypsurn mortar
or cement mortar and having a total thickness of not
less than 2Y; inches. .

Sec. 3401. (c) The entrance door intq the enclosure shall
be at least 2'6” by 6 feet, of construction equivalent to the'
sheathing itted above for rigid frame construction, and
shall be self-closing, swinging out and shall be kept closed at
all times when not used for egress or ingress. ‘

Sec. 3401. (d) Two openinfv, for each motion picture pro-
jector shall be provided; one for the projectionist’s view (cb-
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servation port) shall be not larger than 200 square inches and
the other through which the picture is projected (projection

‘port) shall be not larger than 120 square inches. Where sep-

arate stereopticon, spot or floor light machines are installed
in the same enclosure with picture machines, not more than
one opening for each such machine shall be provided for both
the operator’s view and for the projection of the light but

. two or more machines may be operated through the same
' oming; such openings shall be as small as practicable and
s

. shutters.

te capable of being protected by approved automatic

Sec. 3401. (e) - Each opening shall be pfovided with an.

approved gravity shutter et into guides not less than one inch
at sides and bottom and overlapping the top of the openin
by not less than one inch when closed. Shutters shall be o

'not less than 10-gauge iron or its equivalent of 14 inch hard
. asbestos board. Guides shall be of not less than 10-gauge or its

equivalent. Shutters shall be suspended, arranged and inter-
connected so that all openings will close upon the operating
of some suitable fusible or mechanical r‘eﬁuing device de-

tingency requiring the immediate and complete isolation of
the contents of the enclosure from other portions of the build-

ing. Each shutter shall have a fusible link above it and there
shall also be one located over each upper projector magazine

.which, upon operating, will close all the shutters. There shall

also be provided suitable means for manuaily closing all shut.

ters simultaneously from any projector head and from a point
. within the projection room near each exit door. Shutters on

openings not in use shall be kept closed.

Sec. 3401. (f) ALl shelves, furniture and fixtures within
the enclosure shall be constructed of incombustible material.
Tables and racks used in connection vith the handling of film
shall be of metal or other non-combustible material. Tables
shall not be provided with racks or shelves underneath them

-which might be used for keeping film or other material. No
- combustible meterial of any sort whatever shall be permitted

to be-within such enclosure, except the films used in the opera-
tion of the machine and film cement. No collodion, amy]l ace-
tate or other similar flammable cement or liquid in quantities
greater than one pint shall be kept in the projection booth or
room or rewind room. : : :

Sec. 3401. (g) Ventilation qinall be provided by one o¢

more mechanical exhaust systems which shall draw sir from

each arc lamp housing * i1d from one or more points near the

ceiling. Systems shall exhaust to outdoors either directly or -

igh a noncombustible flue used for no other purpose.
Exhaust capacity shall be not less than 15 cubic feet per min-
ute for each arc lamp, plus 200 cubic feet per minute for the
room itself. Systems shall be controlled from within the encio-
sure, shall have pilot lights to indicate operation and shall

. signed to operate automatically in case of fire or other con-

IO
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be in operation at il tizes when the projection room is in use.
The exhaust systcm serving the projection room may be ex-
tended to cover rooms associated therewith, such as rewirid
rooms. No dampers rhall be installed in such exhaust sys-
tems. The air supply to the projection room may be taken
from the genernl biiilding ventilation or air conditioning sys-
tem, provided that a fire shutter is installed in the projection
room partition. No return air shall be taken from the projec-
tion room. ' :

SOc. '3401.. (h) Exhaust ducts shall be of non-cornbustibl:
material, and shall either be kept one inch from combustible
materinl or covered with 2 inch of non-combustible heat in-

sulating material.

Sec. 3401. (i) Fresh ;ir intakes other than those direct
to the open air shall be protected by approved fire shutters
nrranged to operate automatically with the port abutters.

Sec. 3401. (j) Provision shall be made 20 that the ‘audi-
torium lights can be turned on from intide the projection
room. . .

NOTE: Automatic sprinklers in projection zooms have been
very successfiil in controlling fires and reducing losses, ard
their installation is recommended wherever practicable.

Sec. 3402. The processing of film sich as cleaning, polish-
ing, buffing and other special treatments, shall not be done in
rooms where other operations are performed, except that, in
mction picture theatres, clennin, of film may be done in the
rewind room. Special processes for treating film shall be pro-

vided with such proper safeguards as are necessary for pro-
tection against the hazards involved.

e“:Fi‘ilm cabinets shall be provid::o f;r t‘he storage of ﬁell; b“;'
miotion picture projection of a type approv '
the Chief of the Bureau of Fire and uuiubletzrp: o4 ai :
mpment of a type approved by said Chief shall also be pro-
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Proscenium Curtains for Working Stages

General Sec. 3801. The curtain shall be lowered each evening at
the close of a performance and shall be normally in the closed
position. The closing of the custain from the full open posi-
tion shall be effected in less than 30 seconds but the last 5 feet
of travel shall require not less than 5 seconds.

The proscenium opening shail be provided with a fireproof
rigid curtain, or, when the opening does not exceed 28 feet in
width nor 22 feet in height in places of assembly accommo-

‘dacing less than 1,000 persons, with a reinforced asbestos cur-
. tain or other approved material, sliding at its sides in metal
grooves securely fastened to the proscenium wall and extend-
ing not less than 12 inches beyond each side of the opening
.into such grooves.

The proscenium curtain shall be so arranged and main.
tained that, in case of fire, it will be released automatically and
instantly by an approved heat-actuated device and wi 1 de-
scend safely and close completely the proscenium opening. It
shall also be equipped with effective devices to permit prompt
and immediate closing of the proscenium arch by manual
means.

PR TR T e

No part of such curtains shall be supported or fastened to
combustible material. B -

Rigid curtains shall be so designed and constructed that
they will prevent all passage of flame for at least 30 minutes
and will withstand without failure, a temperature of not léss
than seventeen hundred degrees Fahrenheit and an air pres-
sure of not less than 10 pounds per sq. ft. normal to their sur-
face during such periods. Asbestos curtains shall be constructed
of pure asbestos fiber interwoven and reinforced with wire
strands and shall weigh not less than 3 pounds per square yard.

No oil paint or other combustible material shall be placed
on any proscenium curtain, _ : :

All machines and hoisting gear shall be deiigned in accord-
ance with safe practice.

Travel limit stops and room for over-travel shall be pro-

vided.

Tost Sec. 3602. The complete installation of every proscenium
curtain shall be subjected to operating tests and any theatre
or auditorium in which such proscenium curtain is placed shall
not be opened to public performance until after the curtain
has been accepted and aproved by the Superintendent and the
Chief of the Bureau of Fire.
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(10)

NOTES FOR TABLE 14-A

2-hour fire-resistive enclosures shall be required for stairs and other ver-

. tical openings in buildings of all occupancies over 3.stories in height.

(11)

(12)

4-hour fire-resistive protection required in all cases where the member
supports fire walls or party walls. '

Exterior walls of Type II, Type III Protected Incombustible or Type V
buildings facing on streets or public piaces that are 30 feet or mcre in
width may be of 2-hour fire-resistive construction.

Exterior walls of Type LI, Type III Protected Incombustible or Type V
buildings not over 3-stories in height housing occupancies of Groups

A", “B”, *C”, “D-3”, “D-4” and “E”, may be constructed of non-com-

bustible materials or assemblies of materials providing fire-resistance
against outside exposure not less than required by Table 14-A (as modi-
fied above) provided that resistance against fire exposure inside the
buildings shall be as follows: where floor and roof constructions and
their structural supports are non.combustible framing forming a part of
the exterior walls shall be protected to provide not less than 2-hour fire-
resistance inside the building.

(14) Type III (protected only) buildings for D-3a occupancy use of Class 2

garages shall have two hour protected columns for five (5) or less levels

above grade.

(15) Type IV buildings for D-3a occupancy use of.Class 2 garages shall have

(16)

(17)

L b

L L L

two (2) hour fire protected columns except that all exterior row of col-
umns on open side walls may be unprotected incombustible type. See
exception under Note 10, Page 41, for unprotected TypelV construction.

Corridors having an exit in one end only shall have enclosing walls and
ceiling of 1-hour fire coustruction and doors shall be at least Class “C”
fire doors unless otherwise required by this Code.

Corridors having exits from each end shall have enclosing walls and
ceiling of 1-hour fire construction and the doors may be of ordinary wood
construction unless otherwise required by this Code.

The fire resistance of ceilings shall conform to the requirements of the
National Building Code, 1955 Edition.

Fire-resistive ratings for structural members do not apply to the timbers
of heavy timber construction. (See Chapter 17.)

FIRE-RESISTIVE REQUIREMENTS—ACCEPTABLE RATINGS:
REINFORCED CONCRETE will be accepted as meeting the fire-resis-
tive requirements of this table if it has a minimum thickness of ¢oncrete
over the reinforcing steel, as follows:

For COLUMNS—11," of concrete when the fire-resistive require-

ment is 4-hour, 3-hour or 2-hour except that 2" of concrete will
be required if the coarse aggregate is granite, sandstone or
siliceous gravel. 1” of concrete when the fire-resistive require-
ment is 1-hour.
GIRDERS AND TRUSSES—11," of concrete over the longi-
tudinal reinforcing steel, when the fire-resistive requirement is
4-hour, 3-hour, or 2-hour. 1” of concrete over the longitudinal
reinforcing steel,.when the fire-resistive requirement is 1-hour.
FLOOR AND ROOF PANELS—(Slabs)—?%4" of concrete
over the reinforcing steel for all fire-resistive requirements.
(Joists)—1" of concrete over the reinforcing steel for all fire-
resistive requirements. (Walls)—3/4" of concrete over the rein-
forcing steel for all fire-resistive requirements.

OTHER CONSTRUCTION—The fire-resistive ratings of all materials
and constructions, other than reinforced concrete, as above set forth shall
be as established by the provisions of Section 302(a) 8 and 9.

Exterior panel or curtain walls of Type I, II or III buildings may be of
incombustible construction without a fire-resistive rating when the dis-
tances from adjoining buildings comply with the provisions of Chapter 24.
Such walls shall be integrally attached to the structural frame.
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,' Type | Buildings (Fireproof)

Sec. 15801. Type I, Fireproof Construction, is that Type of
Construction in which the walls, floors, roof and structural
members are of approved masonry, reinforced concrete or
other approved incombustible materials meeting al! the re-
quirements of this Code and having a minimum fire resistance
as indicated in Table 14-A.

Sec. 1502. The height and ground area of Type I buildings
shall not be limited except as set forth for Group “D” occu-
pancies in Table 5-B and Sec. 902 (a) and (b), and as limited
by the Zoning Ordinance.

Sec. 1503. Required fire-resistive protection of wall openings
is specified in Chapter 24. .

Sec. 1504. Foundations may be of any recognized materials,
masonry, reinforced concrete, steel or iron properly encased,

piling of wood, steel or concrete, concrete or masonry piers or

caissons. Any. foundation system shall be structurally sound
and protected according to recognized engineering practice
against deterioration from the action of ground water. In
certain locations protection against deterioration from elec.

trolysis may also be required.

Sec. 1508. Exterior walls shall have the fire-resistance specified
in Table 14-A. Nonload-bearing exterior walls may be of in-
combustible construction without a fire-resistive rating when

complying with the requirements of Table 14-A for exterior

panel and curtain walls and when structural members are fire-
protected as required in Sec. 1509.

Sec. 1506. Interior bearing partitions and inner court walls
shall comply with the requirements of Table 14-A except as
otherwise prescribed in Sec. 1505.

Interior non-bearing partitions shall be of incombustible mate-
rials and of not less than 1.hour fire-resistive construction.

EXCEPTION: Non-bearing partitions subdividing an area
not exceeding 5,000 sq. ft. and occupied by a single tenancy
may be of wood or metal panels or similar light construction
without fire-resistive rating. Nonload-bearing partitions sub.
dividing an area exceeding 5,000 square feet and occupied by
a single tenancy may be of incombustible construction for D-4
occupancy. :

| Sec. 1507. Enclosures for elevator shafts, vent shafts, stair

wells and other vertical openings, when required because of
occupancy in Part III, shall be of not less than 2-hour fire.

resistive construction and all openings therein shall be pro-
tected by Underwriters’ Class “B” label or 1)5-hour fire-
resistive doors. Window openings in exterior walls shall be
protected by Underwriters’ Class “E” situation label or %-
hour fire-resistive windows where required under Chapter
24. (See Chapter 25 for allowable enclosures for small shafts.
See special provisions for Group C-2 occupancies, Section
A parapet wall at least 24 inches in height above the roof shall
be provided around all open shaft enclosures extending

through the roof.

Sec. 1508. The structural frame shali be considered as the
columns and girders, beams, trusses or spandrels having con-
nections to the columns, and all other members essential to the
stability of the frame. The members of floor or roof panels
which have no connection to the columns shall be considered
as secondary members. The structural frame 2nd secondary
members shall be designed and constructed to catry all dead,
live and other loads to which they may be subjected during
erection and after completion of the structure.
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Wre Protection  Sec, 16509. (a) All structural steel or metal members shall

: :.’-':::m' be thoroughly fire-protected as set forth in Table 14-A.
Steclorires  EXCEPTIONS: |

Members 1. Structural steel and iron members for elevators, includ-
ing door frames within an elevator shaft enclosure and
not part of the structural frame of the building, may be

unprotected.

2. The thickness of fire-protection on the outer edges ‘of
lugs or brackets of columns may be reduced to not less , - f

than 1 inch.

3. Masonry over window openings may be supported by a ‘
steel plate, angle or similar member which is not fire- "
protected on the under side, provided the member is |
supported at intervals not exceeding 4 feet from a struc-
tural beam or girder which is fire-protected on all sides. Co
For openings not exceeding 7 feet in width in masonry -
bearing walls an angle or a similar member supported by | ' -

' masonry and not fire-protected on the under side may : =

be used.

' 4. Fire-protective covering may be omitted from structural
steel roof structures and from tension members of con- . e
crete roof structures of buildings housing any Group -
A or B occupancies, where every part of such roof struc- ' i
ture is 25 feet or more above any floor, balcony, or ~
gallery. wt

- ‘ 5. Structural steel roof structures, and tension members of
- concrete roof structures may have 1-hour fire-resistive
| protection in buildings housing any Groups A or B occu-
? pancies, where every part of such roof structure is 12

feet or more above any floor, balcony, or gallery, or .
such l.-hour fire-resistive protection may be omitted if P
the entire construction is protected on the under side by e
a continuous 1-hour fire-resistive ceiling with any open- ' C
ings in such ceiling protected by ducts or shafts of like —
construction to the roof. ‘ g

6. For Type I buildings housing Groups D-1, D-2, and
D-3 occupancies, structural steel beams, girders and
trusses of the roof structure shall be protected with 3-
hour fire-resistive covering, and for buildings of all
other Occupancy Groups, with 2-hour fire-protective
covering.

oy
d
g 3
K

C w4

Relafereed Sec. 1509. (b) Al reinforced concrete members of the : e
: ‘ Concrete structural frame shall be thoroughly fire-protected in accord- 0
1 » Members ance with the requirements set forth in Table 14-A. ‘ ' hall

Additionel Sec. 1809. (c) For Type I buildings housing Groups D-1 1
Prefection for  and D-2 occupancies, fire-resistive protection in ixce:sus; that -
“D-1" and “D-2"  get forth in Table 14.-A may be required in cases where un- ;
Occupancles usual hazards are involved. See Sec. 902 (a) and (b).
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Bleer Sec. 1610. Floor panel construction shall consist of any
Coxstruction incombustible floor system of not less than 3-hotir fire-resistive
: " construction as set forth in Table 14-A. :

" . The floor and roof panel construction shall be so designes! -
and constructed 2s to transfer horizontal forces to such parts
of the structural frame as are designed to carry the horizontal
§orces to the foundations, unless such forces ere otherwise
provided for. - . . R
Where wood sleepérs are used for wood floors, the space be-
tween the structural floor slab and the underside of the wood
floor shall be filled with incombustible material inn such manner

that there will be no open spaces under the flooring, and
‘such spaces shall be filled solidly under all permanent parti-
~ tions so that there is no communication under the flooring
. between adjoining rooms.

Reef ° Sec. 1511. Roofs shall be constructed of any materials or
Constraction combination of materials as allowed for floors in Section 1510
' or as allowed under Exceptions in Section 1509.
Roof covering shall be any fire-retardant roofing meeting the
requirements of Class A or Class B roofing under the speci-
fications of the Underwriters’ Laboratories, Inc. Roofs may
be constructed with unprotected incombustible roof decking -
. when such decking covers unprotected roof framing as al-
lowed under Exceptions 4, 5 and 7 of Section 1509 (a).
Any drainage fill rlaccd on a roof deck of any building shall
be of incomtustible material and such fill shall be considered
-. ———— as o part of the dead load in designing the roof framing.

Stelr . Sec. 1512. Suin enclosed within 2-hour fire-resistive en-

. ‘Construction closures shall be constructed of reinforced concrete, iron, steel -

or other’approved non-combustible material with treads and
risers of hard, incombustible materials. Stairs not required to .
‘be enclosed in fire-resistive enclosures shall be constructed
of approved incombustible materials. g

All stairs shall be designed and constructed as specified in
- Chapter 28 and as required under Occupancy in Part IIL.

Prejections Séc. 1513. Bays, oriels and similar projéctiom shall be con- -

from the structed of incombustible material.. as specified in this Chapter
Buliding and in Sections 2603 and 2705.
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Type li Buildings (Fire;R'esigf:ivle)

Sec. 1601. Type II, Fire-Resistive Construction is that Type
of Construction in which the walls, floors, roof and struc-
tur:] members are of approved masonry, reinforced concrete
or other approved incombustible materials meeting the re.
quirements of this Code and having a fire-resistance not less
than the requirements set forth in Table 14-A. -

Sec. 1602. The height and ground area of Type II build-
ings shall not exceed the limits set forth in Table 5-B and Sec.
902 (a) and (b). _

~ Sec. 1803. Fire-resistive protection of wall openings is speci-

fied in Chapter 24. . '

Sec. 1604. Foundations shall be constructed as specified in

Sec. 1605. Exterior walls shall have the fire resistance specified
in Table 14-A. Nonload-bearing exterior walls may be of
incombustible construction without a fire-resistive rating when
complying with the requirements of Table 14-A for exterior
panel amlg curtain walls and when structural members are fire-

~ protected as required in Sec. 1509,

Sec. 1608. Interior bearing partitions and inner court walls
shall be of incombustible materials and of not less than 2.hour
fire-resistive construction. - '
Interior non-bezring partitions shall be of incombustible mate-
rials and of not less than 1-hour fire-resistive construction.

EXCEPTION: Non-bearing partitions subdividing an area
not exceeding 3,000 sq. ft. and occupied by a single tenancy
may be of wood or metal panels or similar light construction

- without fire-resistive rating. Nonload-bearing partitions sub-

dividing an area exceeding 3,000 square feet and occupied by
a single tenancy may be of incombustible construction for D-4

occupancy.

Sec. 1607. Enclosures for elevator shafts, vent shafts, stair
wells and other vertical openings when required beccuse of

.occupancy in Part III shall be of not less than 2-hour fire-

resistive construction, and all openings therein shall be pro-.
tected by Underwriters’ Class “B” label, or 1%:-hour fire-
resistive doors. Window openings in exterior wall shall be pro-
tected by Underwriters’ Class “E” situation label, or 3;-hour
fire-resistive windows where required under Chapter 24. (See
Chapter 25 for allowable enclosures for small shafts. See
special provision for Group C-2 occupancies, Section 809.)
A parapet wall at least 24 inches in height above the roof sha

be provided around il open shaft enclosures extending
through the roof. '

Sec. 1608. The structural frame shall be us designated in
Section 1508.




Fire '.'.'0’0!“" Sec. 1609. (a) All sttﬁctural steel or iron members shall be

of Structerel
Members
$isel or Iron ,
Members

thoroughly fire-protected with not less than 4-hour fire-resis-
tive protection for columns supporting masonry, not less than

~3-hour fire-resistive protection for all other columns, girders,

beams, and trusses, not less than 2-hour protection for floor

panels and 1.hour .protection for roof panels, as set forth
in Table 14.A,

EXCEPTIONS:

L. Structural steel and iron members for elevators includ-
: ing door frames within an elevator shaft enclosure and

not part of the structural frame of che building may be
" unprotected. : :

2. The thickness of ﬁte-rtotection on the outer edges of

lugs or brackets of columns may be reduced to not less
than 1 inch. :

3. Masonry over window openings may be supported by a
steel plate, angle or similar member which is not fire-
protected on the underside, provided the member is sup-
ported at intervals not exceeding 4 feet from a structural
beam or girder which is fire-protected on all sides, For
openings in masonry bearing walls not exceeding 7 feet
in width, an angle or a similar member supported by
masonry and not fire-protected on the underside may be

4. Fire-protective covering may be omitted from structural
steel roof structures, and from tension members of con-

~ crete roof structures, of buildings housing any Groups
A or B occupancies, where every part of such roof struc-

ture is 20 feet or more above any floor, balcony, or

gallery.

5. Structural steel roof structures, and tension members of
concrete rocf structures may have 1-hour fire-resistive
protection in buildings housing any Groups A or B
occupancies, where every part of such roof structure is
12 feet or more above any floor, balcony, or gallery;
or such 1-hour fire-resistive protection may be omitted

if the entire construction is protected on the underside
by a continuous 1-hour fire-resistive ceiling, with any -

- openings in such ceiling protected by ducts or shafts of
like construction to the roof.

6. For any Type I1 building, scructural steel beams, gftden,
and trusses of the roof structure may be protected with
~-2-hour fire-resistive covering. '
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Sec. 1610. Floor panel construction shall consist of any in-
combustible floor system of not less than 2-hour fire-resistive
construction as set forth in Table 14-A.

The floor and roof panel construction shall be so designed and
constructed as to transfer horizontal forces to such parts of the
structural frame as are designed to carry the horizontal forces
to the foundations, unless such forces are otherwise provided
for.

Where wood sleepers are used for wood floors the space be-
tween the structural floor slab and the underside of the wood
floor shall be filled with incombustible material in such man-
ner that there will be no open spaces under the flooring, and
such spaces shall be filled solidly under all permanent parti-
tions so that there is no communication under the flooring
between adjoining rooms.

Sec. 1611. Roofs shall be constructed of any materials or
combination of materials as allowed for floors in Section 1610
or as allowed under Exceptions under Sec. 1609. Roof cover-
ing shall be any fire-retardant roofing meeting the require-
ments of Class A or Class B roofing under the specifications
of the Underwriters’ Laboratories, Inc. Roofs may be sheathed
with unprotected incombustible roof decking, or with nominal
2-inch, tongue and groove or splined wood planking, when
such sheathing covers unprotected roof framing, as allowed
under Section 1609 (a), Exceptions 4, 5, and 7, or under
Section 1609 (c).

Any drainage fiil placed on a roof deck of any building shall
be of incombustible material and such fill shall be considered
as a part of the dead load in designing the roof framing.

Sec. 1612. Stairs enclosed within 2-hour fire-resistive en-
closures shall be constructed of reinforced concrete, iron, steel
or other approved incombustible material with treads and
risers of hard incombustible materials. Stairs not required to
be enclosed in fire-resistive enclosures shall be constructed of
approved incombustible materials. All stairs shall be de.
signed and constructed as specified in Chapter 28 and as re-
quired under Occupancy in Part III.
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Type lll Builaidgs (Protected and Heavy Timber)

Deflaltion Sec. 1701. Type III, Protected and Heavy Timber Con-
: : struction, are those types of Construction in which the exterior
walls and fire walls are of masonry, reinforced concrete, or
other approved incombustible materials meeting the require-
ments of this Code, and having a fire resistance not less than
the minimum requirements set fortss in Table 14-A, and in

} : which the interior framing is of : :

(a) INCOMBUSTIBLE OR COMBUSTIBLE MATE-
. : .RIALS, fire protected to have a minimum fire-resist-
] . ‘ ance as set forth in Table 14-A for Type 111 Construc-

tion, or

(b) HEAVY TIMBER CONSTRUCTION, without con-
cealed spaces and having members of the following
misimum nominal sizes:

Columns ................. 8" x 8” timber

Trusses supporting floors ... .6” x 6" timber

- Trusses supporting roofs only .4” x 6" timber*

Girders supporting floors . . . .8" x 10" timaber

Girders supporting roofs only .6” x 10” timber

Beams supporting floors ... .6" x 10" timber
o Beams supporting roofs only 4” x 8" timber
T ' : Floor panels ......................... 3
Roof panels ... .......... ... . L 2T

*Timber arches or trusses may be used to support roof
loads. The framing members shall be of not less than
4” x 6” nominal dimensions, except that spaced mem-
bers may be composed of two or more pieces, each of
not less than 2” nominal thickness when blocked solid-
ly throughout their intervening spaces or when such
spaces are tightly closed by a continuous wood cover
plate of not less than 2 inch nominal thickness secured
to the underside of the members. Splice scabs shall be
not less than 3 inch nominal thickness. When pro-
‘tected by approved automatic sprinklers under the
roof deck, the framing members may be reduced to not
less than 3 inch nominal thickness.

**Floors may be constructed of splined or tongue and

v groove plank of not less than 3 inch nominal thickness,

- ) covered with 1 inch flooring laid crosswise or diagon-

. ally or may be of laminated construction consisting of

planks of not less than 4-inch nominal width, laid on

, edge and spiked together at intervals of 18 inches and
- ‘ ‘ covered with 1 inch flooring. :
‘ Laminated floors shall be laid with staggered joints and .

shall not be spiked to the supporting girders.
Flooring shall not be laid closer than Y3 inch to walls,

- o | and the space 50 left shall be covered with a moulding
% Helght Sec. 1702. The height of Type III buildings shall not ex-
Allewable  ceed the limits set forth in Table 5-B.

-
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Exterfer Wells . 'Sec. 17085.. Exterior walls shall be of materials meeting the re-
' ' quirements set forth in Chapter' 23 and Table 14-A. Walls
ronting ‘on streets not less than 30 feet wide may be of in.
" . combustible construction with only.the structural members fire.
protected as required in Sec. 1709, except that incombustible
construction shall not rest on, nor be supported by, combus-

- tible construction. - : .

Partitions and Sec. 1706. Inner court walls in Type III buildings, including
inner Court Heavy Timber construction, shall be of not less than 2-hour
Wells - fireresistive construction.

(2) Interior bearing partitions for Type I11, Protected Con.-
: struction, shall be of not less than 1-hour fire-resistive
construction.

{b) Interior non-bearing partitions for Type III, Pro.
tected Construction, shall be of incombustible or com.
bustible materials with 1-hour fire-resistive protection.

(c) In Type III buildings of Heavy Timber Construction,
interior partitions shall be of not less than 1-hour fire.
resistive construction or may be of solid wood con-

— ~ struction formed of 2 lavers of 1 inch nominal matched

boards, or may be of solid wood laminated construction
of not less than 4 inch nominal thickness. ‘

Fire Profection Sec 1709. (a) All structural steel, reinforced concrete, or

“of Stractural  jron members, and all wood members except in Heavy Timber

Members Construction as allowed under Sec. 1701 (b) shall be thor-
oughly fire-protected with not less than the minimum fire.
resistive protection as set forth in Table 14-A.

EXCEPTIONS:

1. Structural steel and iron members for elevators, includ-

' ing door frames within an elevator shaft enclosure and
not part of the structural frame of the building, may be
unprotected. . '

3. Masonry over window openings may be supported by a
steel plate, angle or similar member which is not fire-
protected on the underside, provided the member is -
supporied at intervals not exceeding 4 feet from a atruc.
tural beam or girder which is fire-protected on all sides,
For openings not exceeding 7 feet in width in masonry
bearing walls an angle or 2 similar member supported by
masonry and not fire-protected on the underside may be
used.

4. Where evéry art of the structural framework of the
roof of a building housing any Groups A or, B occu-

pancies is not less than 20 feet above any floor, balcony
or gallery, fire-protection of all members of the roof
. construction may be omitted.
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S. Where every part of the structural framework of the
roof of a building housing any Groups A or B occu-
pancies is 12 feet or more above any floor, balcony or
gallery the members of the roof framework may have
fire-protection omitted if the entire construction is pro-

~ tected on the underside by a continuous suspended ceil-
ing of not less than 1-hour fire-resistive construction,
with any openings in such ceiling protected by shafts or
ducts of like construction to the roof.

Sec. 1710. Floor panel construction shall be of 1-hour fire-
resistive construction as set forth in Table 14-A, except that
floors may be of timber construction as specified in Sec. 1701

(b) in buildings where Heavy Timber Construction is allowed.
(See Table 5-B.)

- The floor and roof panel construction shall be so designed
and constructed as to transfer horizontal forces to such parts
of the structural frame as are designed to carry the horizontal
forces to the foundations, unless such forces are otherwise
provided for.

Where wood sleepers are used for wood floors, the space

between the floor slab and the underside of the wood floor:

shall be filled with incombustible material in such manner
that there will be no open spaces under the flooring and such
spaces shall be filled solidly under all permanent partitions so
that there will be no communication under the flooring be-
tween adjoining rooms.

Sec. 1711, Roofs shall be constructed of any materials or

- combination of materials as allowed for floors in Sec. 1710 or

as allowed under Exceptions under Sec. 1709. Roof covering
shall be any fire-retardant roofing meeting the requirements
of Class A ‘or Class B roofing under the specifications of the.
Underwriters’ Laboratories, Inc.

Roof decking may be of incombustible materials, or of
heavy wood as specified for roofs in Sec. 1701 (b), on any
building of Type III Construction, including Heavy Timber
Construction. Roof decking of ordinary wood or other com-
bustible construction may be used on buildings of Type III
Construction, when 1-hour fire-resistive construction is pro-
vided on the underside of the ceiling joists. .

Any drainage fill placed on a roof deck of any building
shall be of incombustible material except fill on wood roofs
must be of wood, and such fill shall be considered as part of
the dead load in designing the roof framing.

Sec. 1712. Stairs may be of incombustible materials or con-
tructed of wood in buildings with wood framing if the soffits
are protected by fire-resistive construction as allowed for 1.
hour fire-resistive combustible ceilings. All stairs shall be de-
signed and constructed as specified in Chapter 28. Stairs shall

. be enclosed where required under Occupancy, in Part 111,
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Type 1V Buildings (Incombustible)

Sec. 1801. Type IV, Incombustible Construction, is that
;l' ype of Construction in which all the structural members in-
cluding wall framing, floors, roofs and their supports shall
be of steel, iron or of other incombustible materials and in
which the exterior walls are of steel, iron or other metal or
of asbestos, masonry, reinforced concrete or other incom.
bustible materials which may not meet the fire-resistive re-
quirements of a more fire-resistive Type of Construction but
which will provide durable, weathef-proof exterior walls. (See
Sec. 2401, (<) 2 for Class 2 garages) ,

Sec. 1802. The height of Type IV buildings shall not ex-
ceed the |imitations set forth in Table 5-B.

Sec. 1803. Fire-resistive protection of wall openings is speci-
fied in Chapter 24,

Sec. 1804. Foundations shall be constructed as specified in
Sec. 1504.

Sec. 1805. Exterior walls may be of any durable, incombus-
tible materials properly protected ageinst the weather and
without fire-resistive rating, except where such fire resistive
ratings are required for fire and party walls in Table 14-A.
(See Sec. 2401, (c) 2 for Class 2 garages)

Sec. 1806. Inner court walls shall be constructed of incom-
bustible materials.

Sec. 1807. Any enclosures for elevator shafts, vent shafts, -
stair wells and other vertical openings, shal! be of iiicombus-
tible construction and all openings therein shall be protected
by incombustible doors. Openings in exterior walls shall be
protected by Underwriters’ Class “F” situation label, or equi-
valent, fire-resistive windows where required under Chapter 24.
Unenclosed ramps of incombustible :onstruction shall be per-
mitted for Class 2 garages in Type IV buildings. Manlifts meet-
ing Pennsylvania Department of Labor and Industry require-
ments for screening and safety measures shall be permitted for
Class 2 garages.

Sec. 1808. The entire structural frame shall be designed and

. constructed to carry all dead and live loads to which it may

be subjected during erection and after completion of the
structure.

Sec. 1809. In all buildings of Occupancy Groups A and B
or C-1, atructural steel beams or girders and floor joists over
usable basement spaces shall be protected with not less than
1-hour fire-resistive ceiling construction. Any member of the
structural frame supporting masonry shall have a minimum of
1-hour fire-resistive protection, or 4-hour protection, if it sup-
ports party or fire walls.

Sec. 1810. The floor and roof panel construction shall be
s0 designed and constructed as to transfer horizontal forces
to such parts of the structural frame as are designed to carry
the horizontal forces to the foundations, unless such forces
are otherwise provided for.

Sec. 1811. Roof covering in Fire Zone No. I shall be any
fire-retardant roofing meeting the requirements of the speci-
fications of the Underwriters’ Laboratories, Inc., for Class
A or B roofing.

" Roof covering in Fire Zone No. II shall be any fire-retard-
ant or ordinary roofing meeting the specifications of the Un-
derwriters’ Laboratories for Class A, B, or C roofings.

Sec. 1812. All stairs shall be of incombustible materials de-
"signed and constructed as specified in Chapter 28.
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PART IV

REQUIRED COMPLIANCE WITH FIRE ZONING

Generel

Fire Zenes
Ne. 1}

Bulidings
Prohibited

.
Ne. |

Bulidings
Prebibited

REGULAT!ONS
CHAPTER 13 !

Rosfricfions in Fire Zones

Sec. 1301. Erection, enlargement, alteration, repair and
occupancy of buildings and structures shall be restricted within
Fire Zones No. I and No. II, as created by Ordinance No.
310, approved October 2, 1919, known as the Fire Zoning
Regulations, in accordance with the provisions of this Chapter.

Sec. 1302. The Fire Zone Map which is included as part of
this Chapter outlines all areas within the City of Pittsburgh
classified at the time of the enactment of this Code as Fire
Zoncs No. I and No. II. All areas ot 40 classified are within
Zone No. I1I, as defined in the Fire Zoning Regulations. Any
building or structure situated partly in one zone and partly
in another shall be subject to the requirements which apply

to the more highly restricted zone if more than one-third (1/3)
of its ground area is within said zone.

Sec. 1304. (a) In Fire Zones No. II erection of the fol-
lowing buildings shall bez prohibited:

3. .Any building of Type I1I construction except D-3a occu-
pancy use, five (5) levels or less above grade, more than

three (3) stories in height not equipped with a standard
sprinkler system serving all floors.

37

Sec. 1305. (a) In Fire Zones No. I erection of the fol.
lowing buildings shall be prohibited:

3. Any building of Type 11l construction more than three
(3) stories high, except D-3a occupancy use, five (5)
levels or less above grade.
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Nationwide Survey of Space Standards

and
Space Utilization in the Vocational Laboratories of

Pittsburgh Schocls
Techniques that can be used for planning vocational
education facilities are one of the major concerns

of this study. Although Unit Three, Space Deter-

mination, is devoted to the description of one such

technique, the use of that technique as an effective
planning tool depends on future refinement. For

the present, a ''rule of thumb'' method may be helpful.
Space utilization measured in square feet per student
in existing or planned facilities can be evaluated by
comparison with similar figures which are recom-
mended for vocational space by departments of public
instruction acrc- - the nation. This will give
facilities planners a starting point, even though its

usefulness is limited.

A sampling of vocational education space standards
recommended by various state departments of public

instruction was conduzi_d as a part of the research
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activities of this project. In combination with this
survey, a study was made of space utilization in
each of the vocational laboratories of the Pittsburgh
school system. A relative evaluation of the

amount of space provided for vocational education
activities in Pittsburgh schools can be made by com-

pParing these two sets of data.

Requests for standairds were sent to the Department
of Public Instruction of each of the fifty states. The
requests were answered by thirty-four states, nine of
which stated that standards were not available or
were in the process of development. Therefore, the
space standards tables in this section were compiled
from twenty-five states. Although additiohal
mailings might prov.s: a better sample, this ‘record
of space standards from this group of states should

be of general interest.,

It was necessary to make two .modifications to the in-

formation that was received in order to facilitate

H
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recording the standards in tabular form. Wherever
possible, standards were converted to square feet
per student units so that easy comparisons could be

made. Wh.re this was impossible, the standards

appear expressed in total square feet. In addition,

standards were grouped into broad subject categories. 1

Although this was done to simplify the tables, it may

e re——— ._...(.......}.\ e v

account, partially, for the deviationsin recommended

space by different states for the same subject cate-

gory.

The space utilization tables for vocaticnal labora-
tories in Pittsburgh schools are a combination of
information. The approximate area of each voca-
tional laboratory was calculated from dimensions
taken from architect.ral plans. Storage areas were
included in total room areas since similar areas
were included in many state space standards.

Student enrollment in every vocational class was

Iror example, the Pennsylvania standards for
Cabinet and Mill Shop and Carpentry Shop were
grouped to allow comparison with other states.




obtained from central office and individual high school
records for 1965-1966. An index of space utiliza-
tion was calculated by dividing the room area by

the class size, giving square feet per student. Only
the high and low extremes of class size and space
utilization are given. The accuracy of dimensional
measurements could be increased by on-site
measurements of the actual rooms; also, student
enrollments in all classes could be updated. Never-
theless, a useful, though general, evaluation of

existing space is provided in these takles.

A note of caution must accompany the presentation

of this material. At best, space standards can be

no more than a very general guide in facility
evaluation and plar:: . Although many states pro-
vide specific space recommendations, no respondent
provided information about the curricula of the course
for which these areas were recommended. It is

probable that the activities included in the curriculum

for a certain class in one state will vary considerably




when compared to the activities for the same course
in another state. Obviously, no evaluation of the

space provided for a subject is meaningful without a
clear picture of the activities that are carried on in

the subject. (

Also, it became evident that many states differ in
their recommendations for class enrollment sizes,
Some states even provided a total area recommenda-
tion with no reference to class size. However, re-
commendations for space requirements must con-
sider class size. Unfortunately, it is difficult

to determine how space requirements change as

class size changes. ]

For these reasu..s, the information provided in this
study should be used only as a general guide. Further-
more, the standards that were received were largely
based on present courses being taught in existing 1

classrooms and are not useful in planning space for

new programs or new organizational techniques.
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Effective planning grows out of the careful analysis
of the needs that students create fcr space, equip-
ment and environmental contrel as they engage in

specific educational activities.




STATE STANDARDS - BUSINESS EDUCATION

Bookkeeping and Accounting

Alabama
Florida
Georgia
Kentucky
Mississippi
New Jersey
Penusylvania
South Carolina
Tennesses
West Virginia
Wisconsin

Distributive Education

Florida
Minnesota
New Jersey
Virginia

General Business Education

Alabama
Arkansas
Florida
Georgia
Hawaii
Kentucky
Minnesota
Mississippi
New Jersey
North Dakota
Oregon
Pennsylvania
South Carolina

20-25 sq. ft. /student
40-50 sq, ft. /student )
30 sq. ft. /student
38 sq. ft. /student + 228 sq. ft. storage '
25-30 sq. ft. /student

36 sa. ft. /student

26 sq.ft. /student

1000 sq. ft.

34 sq. ft. /student

30 sq. ft. /student

35 sq. ft. /student

40-50 sq. ft. /student 1
1800 saq. ft. ]
48 sq. ft. /student + 200 sq. ft, storage
900 sq. ft.

20-25 sq. ft. /student

30 sq. ft. /student

40 sq. ft. /student

30 sq. ft/student

1200 sq. ft. + 420 sq.ft. workroom

38 sq. ft. /student + 228 sq. ft. storage

2000 sq. ft.

768 sq. ft.

40 sq. ft. /student

20-25 sq. ft. /student

25-35 sq. ft. /student

26 sq. ft. /student ]
1000 sq. ft. ~*
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General Business Education

Tennessea 24 sq.ft. /student
| Virginia 3 rooms - 30' x 34' - 1020 sq. ft.
! West Virginia 40 sq. ft. /student

Office Machines

California 45 sq. ft. /student

Florida 50-60 sq. ft. /student

Hawaii 1950 sq. ft.

Kentucky 38 sq. ft. /student + 228 sq. ft. storage
Minnesota : 2400 sq. ft.

Mississippi 24' x 32' - 768 sq. ft.

New Jersey 40 sq. ft. /student

Oregon 25-35 sq. ft. /student

Pennsylvania 35 sq. ft. /student

South Carclina 1000 sq. ft,

Tennessee 34 sq. ft. /student 4
West Virginia 45 sq. ft. /student ]
Wisconsin 35 sq. ft. /student = 10-15% for storage

Typing Lab

Alabama 25-30 sq. ft. / student
California 30 sq. ft. /student
Florida 40-50 sq. ft. /student
Georgia 30 sq. ft. /student

. Hawaii 1320 sq. ft. + 420 sq. ft. office and ]

workroom ‘1

Kentucky 38 sq. ft. /student + 228 sq. ft. storage ;
Mississippi 25-30 s<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>